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* ABSTRACT 4
This document gives an introductory description of the function i
and operation of the PRESS Real-Time Program (RTP). The ,

RTP operates in a 7094 computer and is used to record data

and to control the TRADEX radar and PRESS optical sensors

at the PRESS Field Station at Roi~-Namur Island, Kwajalein
/ Atoll, Marshall Islands. The RTP is subdivided into 29 semi-
autonomous subprograms, and the function and operati'n of
each of these subprograms is briefly described. The emvohasis
in these descriptions is on the operation of the RTP viewed as
a system of component subprograms, and on the data commu-
nication between the RTP and the external I/O devices connected

to the computer.
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IFOREWORD

This document gives an introductory deseription of the PRESS Real-Time Program
(RTP). The intent of the description given herein is to acquaint the reader with the func-
tions performed by the RTP and to present the fundamentals of the program's operation.
The RTP itself is subdivided into 29 principal subprograms, and a very brief description
of the function and operation of each of these subprograms is included. However, a de-
tailed deseription of the actual coding of the component subprograms has been purposely 4
omitted since the author's intent is to give the reader a view of the over-all operation of
the RTP, rather than detailed operational descriptions of the individual subprograms.

Attempting to document the PRESS RTP has proved to be a somewhat frustrating task
beeause the RTP, like any other PRESS subsystem, is in a continuing state of develop-
ment. Consequently, this document suffers from the shortcoming that it is, to a certain
extent, already obsolete, Nevertheless, despite modifications that have been and are
being continually made to upgrade the program, the basic functions and structure of the
program have remained essentially unchanged over the past four years. The description
presented here is that of the state of the program as it existed approximately in the Fall
of %6, shortly after the author's departure from the PRESS Field Station (PFS) follow-
ing a ’2-month tour of duty. Despite the considerable number of modifications made to
th: program since that time, which are not reflected in the present description, it is
hoped that this document will nevertheless be useful in acquainting the reader with the
general purpose and functions of the program, and will serve as an introductory guide to
its principles of operation.

This Foreword would not be complete without a brief description of the history of the
RTP. The basic design of the present form of the program was originally developed in
1963 by K. E. Ralston and J. E. Morriello. Their basic design provided a modular pro-
gram structure that greatly facilitated the implementation of future additions and modifi-
cations to the program. The fact that the original program structure has indeed remained
essentially unchanged during the past four years, and has been able to accommodate the
many major additions and modifications made during that period, stands as a tribute to
the ingenuity and foresight of the original designers. During the period 1964 — 1967, the
following persons contributed to the further development of the program: Dr. H. E.

Frachtman, G.I. Tabasky, and the author. As of this writing (August 1967), the pro-
gram is still being upgraded and its development is being continuec under the guidance of :

R. Teoste, the author's successor at PFS.

vi
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INTRODUCTION TO THE PRESS REAL-TIME PROGRAM

1.0 INTRODUCTION

The PRIISS Real-Time Program (RTP) is a computer program for coordinating and con-
trolling the operation of various PRESS scnsor subsystems, and for recording the data collected
by these sensors in real-time. The data flow between the various scnsors and the PRESS RTP

resident in the 7094-II computer is shown in Iig. 1.

1.1 IFUNCTIONS
The principal functions performed by the PRESS RTP are:
(1) Support and control of TRADEX radar, including

(a) Initial target acquisition and target reacquisition,

(b) Generation of feed-forward rate commands to reduce serve lag errors
whilc tracking,

(c) Control of TRADEX prf to keep the target return out of the ambiguous
range and doppler clutter (2-I) prf gcneration).

(2) Pointing ground and airborne optics sensors at the target(s) being tracked
by TRADEX.

(3) Real-time recording of data from all PRESS sensors that are tied to the
computer.

(4) Providing real-time display of aircraft and target positions on a geo-
graphic overlay plot on Milgo plotting boards.

The primary purpose of the RTP is to coordinate and control the operation of the PRESS
sensors, and to record data during ballistic vehicle flight test missions. These test missions
arc called "PRESS Tests." During a PRESS Test, exoatmospheric and rc-cntry physics data
are collected by the sensors on the ballistic vchicle complex that is being flown for the test.
However, thc RTP is also used to support the following auxiliary operations, which arc per-

formed primarily for over-all system check-out and diagnosis:
(1) TRADEX IF Tape Playbacks,
(2) TRADEX Satcllite Tracks,
(3) PRESS Aircraft Tracking and AOCS Tests,
(4) Balloon Tracks and iiadar Calibration,
(5) Generation of Celestial Tracking Data to point optics instruments at stars,

(6) Diagnostic check-out of data links between the computer and thc PRESS
sensors,

(7) Computer Tape Playbacks to simulate live data from sensors for evalua-
tion and check-out of modifications to the RTP.

1.2 PROGRAM STRUCTURE

The RTP actually consists of 29 separate, principal subprograms — each subprogram per-
forming a uniquc function within the system. In addition to these 29 principal subprograms, the

RTP also contains about a dozen minor subprograms that perform miscellaneous support functions,




3-30-10152]

R < = o

AIRBORNE OPTICS
(up to 3 arrcraft)

. =
| EWR ASGIA
TRADEY | ROT| 48-INCH a/C TRACK TELEMETRY
nnnnnJ TELESCOPE TELESCOPE RADARS (31 DATA LINK
X |
[
L GROUNO OPTICS
DCFU INTERFACE
Y
v
-
w2 + us
INTERFACE |- INTERFACE i
! 3
7281
COBI OATA
<
INTERFACE COMMUNICATION
L% ';':g;: CHANNEL [ o ON-LINE
i © TWX CONNECTION
KWAJALEIN
| PRESS
CLOCK
COMPUTER
CONSOLSE REAL-TIME
KEYBOARO al PROGRAM
FOR | IN 7094
PROGRAM COMPUTER ON -LINE
CONTROL TYPEWRITER

Fig.1.

PRESS sensor control system.




such as computation of trigonometric functions, refraction correction, table look-up, and printer
line image conversions,

The basic structure of the program is centered around the computation of pointiné data for
the PRESS sensors, these pointing data being computed from target trajectories which are de-
rived from TRADEX radar tracking data. For example, during the course of a test mission, as
TRADEX tracks various targets in the target complex (only a single target being tracked at any
given time), trajectory estimates for each target tracked are derived from the TRADEX metric
tracking measurements. These target trajectory estimates, called "track files," become the
basis for the computation of pointing data for the other PRESS sensors, thus enabling these
sensors to be pointed at any target being tracked, or having been previously tracked, by TRADEX.
The specific content of and role played by these track files in the RTP is described in Sec. 2.0.
The performance of the various program functions associated with the generation of these track
files, and the subsequent computation by sensor pointing data, are divided among several of the
individual principal subprograms. For example, one of the principal subprograms decodes and
corrects the TRADEX track data used io generate the track files. The actual smoothing of these
data into the track files is performed by another subprogram. Still another subprogram performs
the extrapolation or trajectory integration of the track files. Separate subprograms then com-
pute the pointing commands for each of the individual PRESS sensors. A complete description
of the operation and function of each of the 29 principal subprograms is given in Sec. 7.0.

The principal subprograms exchange data with one another through the COMMON data
storage area of th2 program. The COMMON data storage area is a reserved block of about
2000 storage locations in the upper memory of the computer. This block of 2000 storage loca-
tions is accessible by every subprogram through a COMMON storage address list which is
assembled with each subprogram. With a few exceptions, the subprograms communicate with
each other exclusively through the COMMON area, but are otherwise independent. The principal
exceptions are the various special control programs associated with the on-line teletype, the
typewriter, the on-line printer, and the Milgo ploi boards. The primary means of data communi-
cation with these subprograms is through the subprogram calling sequences, rather than through
COMMON. The organization of the RTP into subprograms, which are largely independent of one
another as described above, results in a modular and highly flexible program structure. For ex-
ample, because of the ubove structure, new subprograms are easily added to the RTP, and ex-
isting subprograms may be individually modified without affecting the operation of the remainder
of the system. The modularity of the system also greatly simplifies the process of debugging
modifications and additions to the RTP.

Since the primary data communication rate with the external sensors is ten messages per
second, the RTP also operates in a 100-msec cycle. ‘That is, the execution of the RTP is re-
peated ten times each second. Each execution of the RTP every tenth second is defined as a
program cycle. Thc operation of thz RTP during each of the program cycles is identical, except
that those operations which need be executed less frequently than 10/sec are only performed
during particular program cycles each second. For example, certain operations associated with
writing the computer output tape are performed only once a second during the 0.0- and 0.2-sec
program cycles. Also, th= TRADEX metric data are sampled for inclusion in the smoothed

target trajectories only twice a se.cond on the 0.1- and 0.6-sec program cycles. Other special
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operations that are performed less frequently than once per program cycle, such as the re-
cntry prediction computations and plotting, are executed on a time-share basis over a period

of several program cycles.

1.3 ENXTERNAL 1/0

An int=rconnection diagram showing the various external data devices connected to the RTP
in the 7094-1! is shown in Fig. 2. A description of these devices and their functions is given in

the following paragraphs.

1.3.1 7281 Data Communication Channel

The 7281 Data Communication Channel is used to exchange data between the program and
the external digital data links to the PRESS sensors. The 7281 itself presently consists of 14
independent subchannels and a multiplexor. The 7281 has a maximum capacity of 32 subchannels
and additional subchannels may be added, as required, up to that limit. The 7281 multiplexor
time-shares the communication of data between the various subchannels and the computer mem-
ory. These subchannels are designated a3 input, output, or duplex (input + output), and each
services a separate data link. For exaaple, for communication with the optics sensors in the
aircraft, the output commands from the »mputer to the aircraft are transmitted through the
ground-to-air (G/A) output subchannel, and the sensor position data in the aircraft are sent back
to the computer through the A/G input subchannel. Only the on-line typewriter and teletype con-
nection are serviced through duplex subchannels. The subchannels are connected to the external
data links through data interface equipment. The interface equipment converts the logic voltage
levels of the data linke to those required by the subchannels and generates the timing signals
for transferring data through the subchannels. The subchannels presently installed in the 7281

are listed in Table I.

1.3.2 Magnetic Tapes

Data are recorded by the program on two magnetic tape units that are connected to the
computer through 7607 data Channel "B The first of these is the Real-Time Computer Tape
(RCT), on which are recorded (1) all the data entering the computer from the PRESS sensors
through the 7281 input subchannels, (2) the Target Track Files and sensor directing data com-
puted by the program, and (3) program status information. The program moves the continu-
ously incoming data from the 7281 input subchannels, and the program computed data to be re-
corded, to an output tape buffer from which all the data are written out onto the RCT once every
second. The 7281 input data are recorded exactly as received; no processing is performed by
the program on the 7281 data recorded on the RCT.

The other tape is the ERROR Monitor Qutput Tape (EMT), on which are recorded any error
conditions or other anomalies sensed by the program. The error conditions recorded are those
due to malfunctions in the data links and other I/O equipment attached to the computer, and anom-
alies in the operation of the program itself. The contents of this tape are used as a diagnostic
tool in debugging system malfunctions. Data describing the nature of the error are recorded on
this tape whenever an error is sensed by the program.

The program also initially reads an input parameter tape. This tape is only read once at

the time that the program is started. The input parameter tape contains nperating parameters,
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TABLE 1
INSTALLED 7281 SUBCHANNELS
Subchannel No. Subchannel Name Word Lcngth and Type

(1) TRADEX Direeting 16-bit serial output

(2) G/A Dirccting 16 -bit serial output

(3) A/G Input 32-bit serial output

(4) NIKE-X Directing 16-bit scrial output

(5) Ground Optics Directing 16-bit serial output

(6) Ground Optics Read-back 32-bit serial input

(7) TRADEX Input No. 1 36-bit parallel input

(8) TRADEX Input No, 2 36-bit parallel input

{9) SKR Input 16-b:i parallel input
(10) TRADEX Gain Input 32-bit serial input
(11) Open

(12) Open
(13) Interval Timer 16-bit countcr set by
program that is
decremented by cxternal
. demand pulses

(14) PRESS Clock 36 -bit parallel input
(15) Typewriter 7-bit serial half-duplex
(16) Teletype 5-bit serial half-duplex

such as target drag characteristics, atmospheric property tables, and data eonversion constants
that are required by the RTP. This input parameter tape is prepared by a separate input pro-

gram from data on punched cards.

1§.8 .3 On-Line Printer and Plot Boards

The on-line printcr attached to the computer is used by the program to print messages to
the computcr operator and RTP operations dircctor. Thcse messages include those operational
error alarms and program status information which require the immediate attcntion of the RTP
operations dircctor. Examples of mcssages displayed on the on-line printer are alarms indicat-
ing invalid manual control operations and an indication of the arrival in the computcr of data
messagces from the on-line teletype link.

The program also drives two Milgo plot boards that are used to display radar target and
aircraft positions on a 300- X 300-mile geographic overlay of the Kwajalein area. Points arc
plotted or these boards at the rate of about three points every ter seconds. Both the on-linc
printcr and the Milgo plot boards are attached to the computer through the 7607 Data Channel "A'"

1.3.4 On-Line Typewriter

An on-line typewriter is attached to the computer through the typewriter subchannel of the
7281. The typewriter provides a means of manual communication with the program and may be
uscd to qucry thc contents of any storage location in the computer or to enter data into the com-

putcr while the program is opcrating. At present, its principal use during a PRESS mission is

i s sl
=
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to enter the time of target launch into the pr .gram upon receipt of that time from the launch
agen:y. The capabilities of the typewriter also make it an extremely uscful diagnostic tool for

checki ¢ out program modifications.

1.3.5 On-Line Tcletype Connection

An on-line teletype connection with thc computer is provided through the tcletype sub-
channel of the 7281, The tcletype subchannel is connected to cither a paper tape reader-punch
ui.it or to the external radio-teletype lines by means of an cxternal manual swit:h. The sub-
channel provides either input or output communication, under program control, with the cxternal
devices, Presently, this facility is used to enter the launch agency target acquisition message
(offset message) into the computer, directly as it is received via the radio-tcletype link, and to

gencrate an acquisition message for the ARIS tracking ships operating in the local area.

1.4 PROGRAM OPERATING MODES

The RTP may be made to operate in any one of the following three modes: Live, Simulation,
or IF Tape Playback (IFPB). As will be scen, the diffcrences in these various modes of oper-
ation are 11 the sources of input data and timing used by the program. The mode of operation
desired is manually sclected by the computer operator through the computer console keys. A

description of each mode follows.

1.41 Live Mode

Live Modc is the normal mode of operation for the RTP. In Live Mode Operation, sensor
input data enter the computer through the 7281 input subchannels as described earlier, and the
operation of the program (the execution of the 100-msecc program cycles) is synchronized to the
time from the external PRESS Master Clock. The PRESS Clock time entcrs the computer through
the PRESS Clock subchannel of the 7281,

1.4.2 Simulation Mode

When the program operates in the Simulation Mode, all 7281 input subchannels, with the
exception of the PRESS Clock subchannel, are turned off. The sensor input data to the program,
in lieu of arriving through the 7281 as in Live Mode, are read from a previously recorded com-
puter output tapc (RCT). As mentioned earlier, this tape contains all the 7281 input data re-
corded by the program during a previous operation. The computer output tape being read during
a Simulation Operation is referred to as the Simulation Input Tape to distinguish it from the com-
puter output tape rccorded during the Simulation run. In Simulation Mode, the time from the
PRESS Clock is again used, but only tc synchronize the operation of the program. In Simulation
Mode, the actual time-of-day used by the program is takcn from the data read from the Simula-
tion Input Tape, rather than from the PRESS Clock.

The use of the designation Simulation Mode for this type of program operation should now
be ohvious. Since the input data and times used by the program when in Simulation Mode are
those recorded duriag a previous operation — usually a Live Mode Operation — the program ef-
fectively replays or simulates the earlier operation. This mode of operation is used primarily
as a diagnostic tool to check out additions or modifications to the program. In this way, the
effect of program modifications on nrogram performance with real data can be evaluated and

compared against the results previously obtained on the same data with the unmodified program.



1.4.3 11"P13 Mode

The operation of the program in IFPB Mode is similar to that in Live Mode, with the ex-
ception that program operation is synchronized to the timing signals rccorded on the IF Tape,
rather than to the PRESS Clocl.. As in lLive Mode, all 7281 data input subchannels arc turned on;
however, in IFPB Mode, the PRESS Clock subchannel is turned off. Although all input subchannels
arec operative, only the data cntering from the TRADEX input subchannels are actively used by
the program when in ['PB Mode. The 100-pps timing pulses recordcd on the 1F Tape effectively
cause the TRADEX Gain 7281 input subchanncl to interrupt ihe computar every 10-msec in syn-
chronism with these timing pulses. The resultant interrupts, occurring at a rate of 100/sec,
are used to step a program generated "pseudo-clock" in synchronism with the timc-of-do' data
recorded on the IF Tape. This program generatcd pscudo-ciock is then used in lieu of the PRESS

Clock to synchronizc the operation of the program in the lIFPB Mode.

1.5 PROGRAM CONTROL

Certain external manual cont.ol functions exist ror governing the operation of the program.
These control functions include: program mode selection (Live, Simulation, or 1FPB), start or
stop computcr output tape recording, activate remote control panel, start or stop plotting on
Milgo plotters, initiate transmission of ARIS ship acquisition message via teletype data link,
inhibit use of TRADEX data by program, track file selection for computation of directing data,
end program operation, and several others. All these control functions may be exercised from
the manual control keyboards on the computer console. These keyboards contain a total of 42
contrel switches. The controls pertaining to the acceptance of TRADEX data and operation of
the track files may also be exercised remotely from the remote computer control console in the
TRADEX Console Room. This rcmote control console at TRADEX is enabled by the remote
control cnable key on the computer console kcyboard. When remote control is enabled, only
those control functions pertaining to TRADEX data and the track files are transferred from the
computcr console to TRADEX., All other control functions pertaining to general program oper-
ation, such as program mode sclection, computer output tape recording, remote control enable,

and cnd program opcration, remain at the computer console even when TRADEX remote control

is enabled.
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2.0 PROGRAM GENERATED TRACK FILES

Central to an understanding of the operation of the RTP is the concept of a track file. A
track file consists basically of the position and velocity components of an object in TRADEX
Rectangular Coordinates at some instant of tirne. These position and velocity components de-
fine the trajectory or flight path of that object.

The TRADEX Rectangular Coordinate System is earth-fixed (non-inertial) with its origin
at the focus of the TRADEX antenna; its z-axis is the local geodetic vertical, its x- and y-axes
lie in the local tangent plane with y pointing north and x east — parallel to the earth's equatorial
plane — completing the right-handed system. The position coordinates of the track files in this
system are inunits of ft and velocity is in units of ft/sec. There are three basic types of track
files generated by the RTP: TRADEX Target Track Files, Acquisition Track Files, and Air-
craft Track Files.

A track file actually consists of a block of 11 words containing the following data: time or
number of track data points, target position, velocity and acceleration components, and target
altitude. However, as described above, only seven of these 11 quantities, namely, time, and
the target position and velocity components, are required to define a trajectory. The format

for each of the three types of track files mentioned above is essentially the same and is given

below.
Word No. Data Units
(1) Number of points in TDX Target TF
Time of day in other TF sec
(2) x-position coord of target ft
(3) y-position coord of target ft
(4) z-position coord of target ft
(5) )':-velocity coord of target ft/sec
(6) y-velocity coord of target ft/sec
(7) z-velocity coord of target ft/sec
(8) x-acceleration coord of target ft/sec2
2 omitted in
(9) y-acceleration coord of target ft/sec aircraft track
files
(10) %-acceleration coord of target ft/sec2
(11) H, target altitude ft

Once a track file has been established, it is integrated or extrapolated in real-time by the RTP.

A description of each of the three types of track files follows.

2.1 TRADEX TARGET TRACK FILES

The TRADEX Target Track Files are formed by smoothing the range, azimuth and elevation
metric measurements of target position made by the TRADEX radar while tracking. Generally,
the smoothing is performed by fitting a ballistic trajectory to the measurements in a least-squares
sense; however, a special mode of operation exists, called "Balloon Track Mode," in which the

radar measurements are least-squares fitted by a straight line instead of by a ballistic trajectory.
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As the name implies, this mode of operation is used when TRADEX is tracking a nonballistic
object, such as a balloon or an air raft. The results of thec trajcctory fitting or smoothing proc-
ess are cstimates of the target's current position and velocity, and thesc quantities are placed into
the track file. The smoothing proccss is performed recursively by the program so that when
a new data point (measurcement) is obtained, the new estimates of position and velocity are com-
puted by nsing only the values of the previous estimatc and the new measurcment. The use of
recursive trajectory fitting eliminates the nced for saving previous data points for computing s
the least-squares fit trajectory and is computationally both simple and fast.
in addition to position and vclocity, the following quantities are also placed into the TRADEX I
Target Track File: number of data points which have becn included in that file, components of .
target accele~ation, and altitude of the target. Tne acceleration components during the exoatmos- ’
pheric portion of a trajectory arc computcd from the equations of me.tion for a ballistic trajectory
as a function of the position and velocity components. During the atmr yspheric portion of the tra-
jectory (re-entry), a drag component of acceleration is added io the values computed from the
ballistic equations of motion. t
The drag deceleration for the track file of the target being tracked through re-entry by the
radar is computed from the radar doppler measurements. For the other track files, which are
mere'v being extrapolated through re-entry, the drag deceleration is computed by using values

of target drag coefficicnt prestored in a table as a function of Mach number or altitude. The ,
J
|
!
t
)

altitude of a target is its local height above the reference earth ellipsoid and is computed directly t
from the position coordinates in the track file.

The equations for the integration of the TRADEX Track Files along a ballistic trajectory, E
for drag deceleration computation, target altitude computation, and rccursive least~squares
smoothing of TRADEX tracking measurements are given in the Appendix.

The above descript on has illustrated the method of forming a given TRADEX Target Track
file. Presently, up to ight separate TRADEX Targct Track Files may be formed by the program.
Of course, TRADEX tracking measurcmen.s are filled or smoothcd into only one track file at a
time. The radar tracking measurements are sampled cvery half sccond for inclusion in the track
file being filled. However, all established track files are extrapolated or integrated ahead in real
time ten times a second, or once each program cycle. Thus, each track file is, in theory, uniquely
associatcd with a given target that has been tracked by TRADEX at some time in the past, and at
any given time the contents of cach track file are the predicted positions and velocities of the
corresponding targct at that time. The program includes an automatic target discrimination
feature which causes a new track file to be started automatically when TRADEX switches to |
anothcr target. A simplified description of this fcature follows. The program comgares each
new TRADEX data sample point with the predicted position in the track file of the target most -
recently tracked by the radar. If the coordinate differences between the new data point and the '
predicted position of that track file are less than 500 ft in range and 0.3° in angle, the program
assumes that TRADEX is still tracking the same target and the new data point is smoothed into
that same track file. If the position differences exceed the above criteria, ithc progrim assumes {
that TRADEX has switched track to another target, and the data point is used to start a new track
file. However, a new track file is not considered firm until at least 20 consistent new track data
points, which do not fit into the previous file, have been placed into it (10 sec of tracking data). i
This feature also provides for automatic rejection of excessively noisy data points from inclu- |

sion in the track files.
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2.2 ACQUISITION TRACK FILES

The Acquisition Track Iiles contain ballistic trajectories which are integrated in real-time
from a given set of initial conditions that are entered into the program as input data. At present,
there are two Acquisition Track Files - Nominal and Offset. The initial conditions for the
Nominal Track Vile consist of position and velocity components of somc point on the nominail
trajectory, and the time after lift-off for that trajectory point. These initial conditions are
“ead into the program from thc input parameter t-pe when the program is started. However,
the integration of the Nominal Track File is not started until after the actual target 1lift-off time
has been entered into the program through the on-line typewriter. The Offset Track File
is similar to the Nominal, except that its initial conditions are entered through the on-line tele-
type link and include the actual time of the data point, rather than a time increment referenccd
to time of lift-off.

Logic 1s provided in the program to synchronize the integration of thcse track files with
real-time. Thus, if the time-of-day appearing in thc initial conditions is greater than real-
time, integration of that track file is delayed until the actual time-of-day given in the initial
conditions is reached. Conversely, if the time-of-day in the initial conditions is less than the
real-time, that track file is integrated ahead at a rate ten times real-time to "catch-up" with
the real-time.

When the altitude of an Acquisition Track File decreases below 400 kft, the aerodynamic
drag on the "target" in that track file is computed by using a target drag coefficient obtained
from a prestored drag table in which this drag coefficient is given as a function of target al-
titude or Mach number. The equations for the ballistic integration of the Acquisition Track
Files are the same as those for the ballistic intcgration of the TRADEX Targct Track Files,

and arc given in the Appendix.

2.3 AIRCRAFT TRACK FILES

The Aircraft Track Files are formed by smoothing the metric measurements of aircraft
position madc by the Station-Keeping Radar (SKR) aircraft tracking radars. In a manner similar
to the ballistic trajectory fit of TRADEX Target Track Files, the Aircraft Track Files are
formed by recursively fitting a straight line in a least-squares sense to the aircraft position
measurements made by the SKRs. There is a total of three Aircraft Track Files — each being
associated with one of the three SKR aircraft tracking radars. These track files have essentially
the same format as the TRADEX Target Track Files — consisting of estimates of target position,
velocity, and altitude — except that target acceleration and number of data points are omitted.
The straight-line fit smoothing technique is based on the assumption that the aircraft flies a
steady course and, therefore, the track file acceleration components are implicitly zero. The
word in the Aircraft Track File corresponding to the one in the TRADEX Tlarget Track File con-
taining thc number of points, contains instead time-of-day.

The SKR data are sampled for smoothing into the Aircraft Track File ten times a second,
or once every program cycle, and the track files are extrapolated at the same rate in real-
time. Unlike the TRADEX Target Track Files, no target discrimination logic is provided for
the Aircraft Track Files because it is assumed that each SKR will always track the same air-

craft. However, logic is provided to reject excessively noisy data points.
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The guality of the Aircraft Traek Piles is enhanced through the use of aircraft altitude
measurements made by radar altimeters in the aireraft. These data are transmitted to the
SKR data link through the air-to-ground telemetry data link. These altimeter measurements
of wircraft altitvde are highly accurate, and therefore, when available, they arc used in lieu
of the less accurate SKR elevation measurements to compute the aircraft position and velocity

ostimates in the track file.
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3.0 GENERATION OF SENSOR DIRECTING DATA

Pointing or directing data for the PRESS sensors are computed from the target position and
velocity cstimates in the track files. These pointing data may be computed from any of the eight
TRADEX Target Track Files, either of the Acquisition Track Files, or from Aircraft Track File
No. 3. At present, a single track file from the above set is selected for computation of directing
data, and the pointing data for all the sensors are computed from that track file. This selection
may be made from the computer or remote control consoles. Consequently, every sensor that
slaves to computer-generated pointing data is pointed at the same object. The track file selected
for computation of directing data is referred to as the "Directing Track File However, exten-
sive program and external control modifications are currently under way to enable the pointing
data fcr each sensor to be computed from a separate track file if desired. When this modifica-
tion is completed, any of the existing track files may be separately selected for each sensor so
that the various sensors may be simultaneously pointed at different targets — a feature that will
greatly increase the operational flexibility of the program.

Pointing commands for the following sensors are currently computed by the program:

) TRADEX
) ROTI telescope
(3) 48-inch telescope
)} NIKE-X DR radar
)

Optics sensors in PRESS aircraft

The process of computing the sensor pointing data from the track files is relatively simple
and basically consists of a coordinate conversion from TRADEX rectangular coordinates to the
pointing coordinates of the sensor. For some sensors, coordinate rate commands are also com-
puted in addition to the pointing conimands. These coordinate rates are applied to the sensor po-
sitioning servos as feed forward signals anua have tne effect of reducing errors due to servo lag.

In computing the pointing commands, the track file position coordinates are first translated
from the origin of the TRADEX coordinate system to the location of the sensor. The sensor
pointing coordinates are then computed from these translated rectangular coordinates. The fact
that the track files are in rectangular coordinates greatly simplifies this translation process,
which merely reduces to subtraction of the TRADEX coordinates of the sensor location from ihe
targct position coordinates in the track file. If the sensor in question is located more than one

mile from TRADEX, the translated rectangular coordinates are also rotated to account for the

curvature of the earth's surrace. The elevation commands cor for pointing TRADEX and
the ground optics sensore «lso include a correction for atmo raction.
The above comments apply especially to the computatior I s data for the airborne

optics instruments that are carried aboard the PRESS aircrafi .racked by the SKRs. In this
case, the sensor location is the position of the moving aircraft given in the corresponding Air-
craft Track File, and the pointing data are computed as follows. First the position and velocity
components in the Aircraft Track File are subtracted from those in the Directing Track File.
These translated target coordinates are then rotated from the TRADEX coordinate system to the
orientation of a reference stable piatform in the aircraft. The pointing commands are then com-
puted from the target coordinates relative to this stable platform. The orientation of the air-
craft platform is such that the platform remains parallel to the tangent plane at the earth location

from which the aircraft was launched — normally Wake Island.
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The equations used to perform the computations of the sensor command data described above
and for the various sensors are given in the Appendix.

In addition to the pointing commands to the various PRESS sensors, the program also com-
putes a 2-D prf command for TRADEX. 2-D {two-dimensional) prf computation is defined as the
selection of a prf that not only keeps the target return out of the ambiguous {folded-over) range
clutter but also out of the amhiguous doppler clutter. Because TRADEX tracks in both range
and doppler, the selection of a prf that keeps the target return out of dcppler clutter as well as
range clutter greatly improves doppler tracking, particularly during re-entry where the doppler
clutter becomes severe due to returns from the ionized wake of the re-entering target. The prf
command is computed directly from the TRADEX range and doppler data sent to the computer,

rather than from the data in the track files.

14
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4.0 PLOTTING OF TARGET AND AIRCRAFT POSITION DATA

Target and aircraft positions are plotted by the program on two Milgo vertical plot boards
that are located in the PRESS and aircraft control centers. These displays consist of 300~ X
300-mile geographic overlay charts of the Kwajalein area on which the target and all aircraft
positions are printed about once every ten seconds. The position data to be plotted are obtained
directly from the associated track files. At present, the positions of all aircraft being tracked
by SKRs, the target position in the Directing Track File, and the predicted re-entry position of

the Directing Track File are plotted on these displays.

5.0 RE-ENTRY PREDICTION COMPUTATION

Predicted times and positions of re~entry are computed by the program for the ballistic
trajectories in all existing TRADEX Target and Acquisition Track Files Re-entry for the pur-
poses of this computation is defined as the point at which the exoatmospheric ballistic trajectory
of the target intersects a spherical surioce located 300 kft above the earth's surface. The com-
putation for each track file is performed by assuming that the ballistic trajectory of the target
in the track file may be approximated by the Keplerian elliptical orbit that is defined by the
current position and velocity components in that track file. The program then computes the in-
tersection point of thar orbit with the 300-kft sphere described above, and also determines the
flight time along the orbit from the present target position to that re-entry intersection point.

The equations used to compute the predicted time and position of re-entry — based on the
Keplerian elliptical target trajectory assumption described abcve —are given in the Appendix.

The predicted re-entry positions for the various track files thus obtained may then be plotted
on the two Milgo plot boards described above. The predicted re-entry fiight times for all track
files are displayed on the on-line printer once every ten seconds and are also uscc to reset the
external Time-to-Re-entry Countdown Clock when a manually cxecuted TTR Clock reset com-

mand is given.
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6.0 MISCELLANEOUS I'UNCTIONS

In vcdition to data recording, generation of track files, computation of sensor dii-ecting
data_ and display generation for the Milgo plot boards, the program also performs the following

miscellancous functions:

(1) On-line typewriter 1/0O
(2) On-line teletypc I/0O
{3) Recording of anomalies on the Error Monitor Tape

(4) Generation of celestial pointing data

Most of these functions were mentioned briefly in the Introduction; a slightly more detailed de-

scription is given beclow.

6.1 ON-LINE TYPEWRITER

As mentioned earlier, the on-line typewriter is used for manual general-purpose data
communication with the program during operations. The typewriter may be used either to query
the contents of, or to enter data into, any computer storage location while the program is running.
The subprograms that service the typewriter provide a great deal of flexibility in the format of
the data which may be entered into, or displayed by, the typewriter. For example, the type-
writer operator has the following choice of formats in which to communicate data through the
typewriter: octal integer, decimal integer, and decimal (floating point). In addition, the oper-
ator can enter or display either single words or blocks of data in consecutive storage locations,
the maximum block size being 16 words. References to storage may be made either by the octal
address of the storage location or by the mnemonic symbol for that storage location. Because
of its flexibility and ease of use, the typewriter is also a useful diagnostic tool for on-line de-

bugging of program modifications or data link malfunctions.

6.2 ON-LINE TELETYPE CONNECTION

As mentioned earlier, the on-line teletype connection of the computer provides an I/O capa-
bility with either an external paper tape reader-punch or the external teletype lines to Kwajalein.
Since the teletype connection is only used for special-purpose data communications, the formats
of the teletype messages handled by the program are fixed. The teletype connection normally
operates in the input mode, and the program provides special logic for detecting incoming tele~
type messages addressed to the PRESS computer. In the input mode, all messages on the
teletype line enter the computer, but only those messages that are addressed to the PRESS com-
puter are decoded and processed further by the program. The message address that is examined
by the program consists of a key word in the heading of the message. The program also checks
the contents of the message against the prescribed format and verifies the check sums of the
data contained in the message. The program accepts the message for further processing only
if verification of message format and check sums are satisfactory. For transmitting teletype
messages from the computer, the teletype connection is put into the output mode by a manual
command to thc program. Upon completion of transmission of the message, the program auto-

matically puts the teletype connection back into the input mode.
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6.3 ERROR RECORDING

A means is provided for permanenily recording all error eonditions and other anomalies
sensed by the program. Most of these conditions are recorded on the Error Monitor Tape for
post mortem diagnosis, but conditions that require immediate operator attention are also dis-
played on the on-line printer. The reeording of this information is handled by an Error Monitor
Subroutine that can be ealled from any subprogram in which an error eondition is sensed. The
calling subprogram that sers:s the error transfers data identifying the error to the Error Moni-
tor Subroutine for recording on the Error Monitor Tape. These data include the mnemonic
name of the error and the contents of any computer storage loeations associated with the error
condition that will be useful in later diagnosis of the problem. This information is stacked in a
buffer by the Error Monitor Routine for recording on the Error Monitor Tape and/or the on-line

printer as soon as time is available.

6.4 GENERATION OF CELESTIAL POINTING DATA

The program has an option for generating directing data to point the optics sensors at celes-
tial bodies, such as stars. This option is manually selected through a key on the computer con-
sole. The celestial coordinates (Sidereal Hour Angle and Declination) of the star, at which the
optics sensors are to be pointed, are entered into the program either from the input parameter
tape or through the on-line typewriter. The coordinates of the star are then computed in TRADEX

9 ft, and these coordinates are

rectangular coordinates, based on a near "infinite" radius of 10
placed into the Nomina) Acquisition Track File. The equations used to perform the star pointing
eomputations described above are given in the Appendix. The various sensors may then be

pointed at the star by selecting the Nominal Traek File as the Directing Track File, as described

previously in See. 3.0.
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7.0 SUBPROGRAM DESCRIPTIONS

As mentioned in Sec. 1.2, the RTP is really a collection of 29 semi-autonomous principal
subprograms, each subprogram performing a unique function within the system. These sub-
programs can be considered as the building blocks of the RTP and enable the program to be
organized in a modular manner. An outline of the various functions performed by the RTP has
been given in Secs. 2 through 6, and some semblance of the order in which these functions are
performed was implied by the contuxt of those sections. Each of the functions described earlier
is performed by separate subprograms or groups of subprograms in the RTP. Thus, before
describing 1+he over-all operation 2" "'ic RTP as a whole — the order in which these functions are
performed and how the subprograms are linked to each other — a brief description of each sub-
program in the RTP will be given first. Table II lists the 29 subprograms that presently con-
stitute the PRESS RTP. Omitted from this list are certain trivial table look-up programs, such
ac those used to perform refraction corrections, and all arithmetic function subroutines, such
as those that compute the trigonometric and exponential functions — the latter being supplied as
part of the Fortran Monitor Operating System for the 7094 Computer. The 29 principal subpro-

grams can be broken up into the following seven functional groups:

(1) 1/0 buffering and data handling programs

(2) 1/0 device control programs

(3) Trajectory smoothing, extrapolation, and track file control programs
(4) Sensor directing data computation programs

(5) Re-entry prediction computation programs

(6) 1’lot computation programs

(7) Utility programs

A breakdown of the RTP subprograms listed in Table II into the above seven groups is given in
Table III. Note that several of the subprograms listed in Table II appear in more than one group
in Table III; this is because those subprograms perform several functions — each function being
associated with a different group. A brief description of each group and of the subprograms in-

cluded in it is given below.

7.1 GROUP I ~1/0 BUFFERING AND DATA [{ANDLING PROGRAMS

The general functions performed by the subprograms in this group are to convert, reformat,

and buffer data exchanged between the program and the external 1/0O devices.

7.1.4 BUFFR

BUFFR is the principal 1/O data buffering program in the RTP. One of its functions is to
bvfier and move data exchanged between the 7281 and the program. BUFFR also moves the
data to be recorded on the output tape from program COMMON storage and from the 7281 input
subchannel storage blocks to the computer output tape (RCT) buffer. BUFFR also decodes,
converts, and applies corrections for refraction, etc., to the TRADEX input data samples that
will be used to establish the TRADEX Target Track Files. Another function performed by BUFFR
is to decode the settings of the external manual program controls entered from the computer
console keys and from the remote control console at TRADEX. After decoding, BUFFR sets

control flags in the program to reflect the settings of these external manual control switches.
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(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(23)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)

(29)

ACDIR
ACONT
ACSM
BCONT
BETRAJ
BUFFR
DIDAT
DUMPR
ERROR
FLTPG
INMES
INQUR
KJMAIN
NIKE-X
OUTMES
PLATOS
PLOTC
PLOT
FPRFCON
ROTI
SIM
SIMCLK
STAR
TRAPC
TTRPG
TWXIOS
TYOUT
TYPEC

XTRAP

TABLE 11

RTP SUBPROGRAMS
Aircraft Directing Data Computation Program
Data Channel "A" Cuntrol Program
Aircraft Track File Smoothing Program
Data Channel "B" Control Program
Ballistic Trajectory Integration Program
7281 and Qutput Tape Data Buffering Program
TRADEX Directing Data Computation Program
Program Loader
Error Monitor Program
Re-entry Prediction Control Program
Lift-Off Time and Acquisition Mes ag. Proccssor
On-Line Typewriter Interpretation F ogram
Main Program
NIKE-X DR Directing Data Computation Program
ARIS Ship Acquisition Message Processor Program
48-inch Telescope Directing Data Program
Milgo Plot Control Program
Milgo Plot Data Procestor Program
TRADEX prf Computation Pre~ram
ROTI Telescope Directing Data Program
Simulation Input Data Buffering Program
PRESS Clock Simulator Program
Star Track Computation Program
Trap (Interrupt) Control Program
Re-entry Prediction Computation Program
Teletype Data Processing and Control Program
Tyrewriter Output Data Processing Program
Tvpewriter Control Program

TRADEX Data Smoothing and Track File Control Program

19
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TABLFE 111
BRITAKDOWN Oi* RTP SUBPROGRAMS INTO FUNCTIONAL

Group I —1/0 Buffering and Data Handling Programs
(1) BUFFR
(2) FRROR
(3} INMES
(4) INQUR
(5) OUTMES
(6) SIM
(7)Y TWXIOS
(8) TYOUT
Group 11 —1/0 Device Control Programs
(1) ACONT
(2) BCONT
(3) BUFFR
(4) TWXIOS
(5) TYPEC

GROUTS

Group 111 — Trajectory Smoothing, Extrapolation, and Track File Control Programs

(1) BETRAJ
(2) ACSM
(3) XTRAP
(4) STAR

Group IV — Sensor Directing Data Computation Programs
(1) ACDIR
(2) DIDAT
(3) NIKE-X
(4) PLATOS
(5) PRFCON
(6) ROTI

Group V — Re-entry Prediction Computation Programs
(1) FLTPG
(2) TTRPG

Group VI — Plot Computation Programs
(1) PLOTC
(2) PLOT

Group VII — Utility Programs
(1) DUMPR
(2) KIJMAIN
(3) SIMCLK
(4) TRAPC
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The centralization of these data handling functiors in the BUFFR program enubles the design
of the other subprograms in the RTP to be freed from consideration of how and when the data

communication with the external 1/0 devices is accomplished.

7.1.2 ERROR

The ERROR subprogram converts and buffers the error messages, gener ated by any sub-
program detecting an error condition, for output to the Error Monitor Tape and/cr the on-line
printer. The ERROR pregram has the capacity for processing up to about 30 separate erior
messages per program cycle, All these messages may be recorded on the Error Monitor Tape,
but the printing of messages on-line is limited by the speed of the on-line printer to about two
error printouts per program cycle. After an error message has been cessed, it is stored
in an output buffer located in the ERROR subprogram until the requested output device (tape and/or
printer) becomes available. The actual output operation is controlled by the BCONT or ACONT

subprugram, as appropriate.

7.1.3 INMES

INMES is the Acquisition Track File message process or program. The INMES program
decodes the target lift-off time entered through the on-line typewriter and adds it to the time-
after-lift-off in the Nominal Track File initial conditions to obtain the real time of these initial
conditions. The integration of the Nominal Trajectory is then started at the time given by this
sum. INMES also decedes and verifies the contents of the offset trajectory message that enters
the computer either through the su-lir - typewriter or through the on-line teletype connection.
After this message is decoded, T"-MES transforms its contents into TRADEX rectangular co-

ordinates and places the results into the Offset Track File.

7.1.4 MNQUR

INQUR is the on-line typewriter input and inquiry interpreter program. 1ts function is to
decode and convert all data entering the computer from the on-line typewriter. A message en-
tered through the typewriter consists basically of a storage location address, data format speci-
fication, and data. The address may be given either in octal or as a mnemonic symbol. The input
data are always numeric, but may be given in one of the following formats — octal-integer,
decimal-integer, or decimal-numce: -with-decimal-point — as determined by the format specifi-
cation given in the typewriter input message. The data format specification consists of: (1) the
letter "O" immediately before the data for octal integer format, or (2) no specification for deci-
mal integer format, or (3) the appearance of a decimal point in the data item for decimal-number-
with~-decimal-point format.

The INQUR program decodes the data according to the specified format and stores the con-
verted data into the location(s) specified by the address portion of the message typad in. 1f the
data portion of the typed-in message consists of a question mark, the message is interpreted as
an inquiry request to display the contents of the location(s) specified in the address portion of
the message on the typewriter. In this case, INQUR transfers to the TYOUT program, which

formats the data reply requested for output to the typewriter.

7.1.5 OUTMES

The OUTMES program per{orms the inverse of the function performed by INMES, as the
name might imply. The purpose of OUTMES is to format an acquisition message from a selected
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track file for transmission to the ARsS ships via the on-line teletypc connection. OUTMES en-
codes the position and velocity data from the selected track file and arranges these together with
time-of-day into the specified teletvpe message format. OUTMES also computes and inserts

check-sums for all data items in the message.

7.1.6 SIM

The SIM program is used to read previously recorded 7281 input data from an existing com-
puter output tape (RCT), in this case referred to as the Simulation Input Tape, when the program
operaies in the Simulaticn Mode. The name SIM stems from the fact that the SIM program ef-
fectivcly simulates the operation of the 7281 input subchannels since these subchannels are
turned off when the RTP operates in Simulation Mode. SIM reads the raw input data from the
Simulation Input Tape into a buffer once a second. SIM then moves the data from this tape input
buffcr to the 7281 input subchannel storage blocks for pick-up by the BUFFR subprogram at the

same time intervals as during regular Live Mode Operation.

7.4.7 TWXIOS

TWXIOS performs data encoding and decoding for communication between the program and
the on-line teletype link. For output of data, TWXIOS first converts each character in the tele-
type output message generated by OUTMES from BCD to teletype code, and then moves the re-
sultant encoded teletype message to the teletype subchannel output storage block in groups of
eight characters. The converse function is performed for input data received from the on-line
teletype connection. Each eight-character input block received is decoded from teletype code to
BCD, and the decoded characters are blocked into groups of six BCD characters (one coniputer
word). After conversion from teletype to BCD code, TWXIOS examines the incoming data and
looks for a recognizable message heading indicating that the incoming message is addressed to
the PRESS computer. No further processing on the input data is performed until a recognizable
heading is encountered. All teletype data not associated with a recognizable message heading
are discarded. However, when a recognizable heading indicating the presence of a message for
the PRESS computer is encountered, TV'XIOS signals the INMES program that an input message

is being received and decoded, and is ready for further processing.

7.4.8 TYOUT

TYOUT has a function inverse to that performed by the INQUR program. The purpose of
TYOUT is to assemble and format messages that are to be written out on the on-line typewriter.
Specifically, TYOUT assembles the replies to inquiry requests made from the typewriter and
interpreied by INQUR. The inquiry request interpreted by INQUR contains the address of the
location(s) to be written out and the format according to which this reply is to be displayed.

7.2 GROUP 1I —1/0 DEVICE CONTROL PROGRAMS

The general purpcse of the subprograms in this category is to control the operation of the
various 1/0 data channels connected directly to the computer. The external 1/O devices con-
nected to these data channels are then in turn controlied through the program generated com-
mands transmitted to each channel. Basically these programs exercise control over the oper-

ation of the following three channels: 7607 Dala Channel "A" 7607 Data Channel "B," and the
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7281 Data Commrunication Channel. Data Channel "A" services the on-line printer and Milgo
plotters; Channe( "B, the various tape drives used by the program; and the 7281, as previously
mentioned, consists of subchannels that are connected to the various external PRESS sensor data
links. The 7781 also includes subchannels through which the on-line typewriter and teletype
connection are attached to the computer. Kach of the 7281 subchannels can be independently

controlled by the program.

7.2.4 ACONT

As the name implies, ACONT is thc control program for Data Channcl A Tne 1/0 devices
attached to that channel (the printer and plotters) are uniquc in that they are electromechanical
in nature and consequently relatively slow. For example, the maximum data rate of the on-line
printer is 150 lines of 72 characters a minute, which means that for cach line printed, the printer
ties up the data channel for about 400 msec or four program cycles. For the Milgo plotters, the
situation is somewhat different. Although the actual transfcr of data to the plofter only ties the
data channel up for a fraction of a millisecond, the actual plotting cycle of the plotter is usually
well over a second, depending on how far the plotting arm has to movs from the previous point
plotted. Thus, \he maximum effective plotting rate i» 60 points a minute or less.

Since the data channel can only service one 1/0 device at a time, the primary purpose of
ACONT is to time-share the use of the channel between plotting and printing. Output requests
for use of the printer and plotter are made to ACONT by various other subprograms in the RTP.
ACONT examines these requests and allocates use of the channel for output to the requesting
subprograms essentially on a first-come-first-served basis as time is available.

ACONT also monitors the actual time requirea for each output operation and disconnects
the channel if the maximum allowable transfer time limit for the 1/0 device being used is ex-
ceeded. This is done because breach of the preset transfer timc limits is indicative of an1/0
device malfunction, and consequently this feature of ACONT prevcnts the channel and program

from ever becoming "hung up" because of failure of an external 1/0 device.

7.2.2 BCONT

The function of BCONT is similar to that of ACONT, except that this subprcgram controls
the use of Data Channel "B." Because all the 1/O deviccs attached to Data Channel "B" are high-~
speed tape units, whose data transfer time characteristics are uniform, the operation of BCONT
becomes much simpler than that of ACONT. The data transfer time to any tape unit never ex-
ceeds two program cycles. BCONT time-shares the use of the data channel between the com-
puter output tape, which is written out regularly once every second, the Error Monitor Tape,
and when the program is in Simulation Mode, the Simulation Input Tape, which, when used, is
read once every second. As in the case of ACONT, BCONT also prevents the channel and pro-
gram from being "hung up" in the event of a tape unit malfunction by disconnecting the channel in
the event that the maximum transfer time limit for a given tape unit is exceeded. BCONT also
verifies each tape operation executed, and generates an error message to be displayed on the

on-line printer in the event any redundancies (tape errors) are encountered when a tape is read

or written.

7.2.3 BUFFR

The BUFFR program was briefly described previously under the Group I category of sub-

programs in Sec.7.4.1. It is mentioned again here because, in addition to its data handling
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{unctions it is also the control program for all 7281 subchannels, except those associated with
the typewriter and teletype. The control functions performed by BUFFR in this regard essentially
amount to keeping the operation of the 7281 subchannels synchronized with that of the program.
This synchronization is accomplished by turning these subchannels on or off at appropriate times.
In aadition, BUFFR also monitors the operation of the subchannels for synchronization or data
drop-out problems. In the event that a data transfer malfunction is detected, BUFFR causes
appropriate error messages to be printed on the on-line printer and, when :ppropriate, also
attempts to resynchronize the affected subchannel.

In addition to controlling and, to some extent, synchronizing the operation of the 7281 sub-
channels, BUFFR also effectively synchronizes the operation of the program with the time from
the PRESS clock in the following manner: BUFFR is the first subprogram executed every pro-
gram cycle. The RTP also returns to BUFFR at the completion of every program cycle. After
return to BUFFR at the end of a program cycle, further execution of the RTP is delayed by a
waiting Ioop in BUFFR until the next 0.1-sec mark from the PRESS clock. At that time, execu-
tion of BUF IR is resumed and a new program cycle is formally started.

BUFFR also controls the changes in program operation required when the program operates
in the 1F Playback or Simulation Mode. For example, when in Simulation Mode, BUFFR turns
off all 7281 input subchannels since, during that mode of operation, the input data are read from
the Simulation Input Tape by the SIM program. This function of BUFFR effectively isolates the
operation of the remaining system subprograms from the effects of changes in program operating
mode so that these subprograms may be designed without regard to what mode of program oper-

ation is being used.

7.2.4 TWXIOS

The TWXIOS program was also previously introduced in Sec.7.1.7, under the Group I cat-
egory of subprograms. It is discussed again in this section, since, in addition to the teletype
data handling and conversion functions described in Sec. 7.1.7, TWXIOS also functions as the
control program for the 7281 teletype subchannel. TWXIOS initially turns on the teletype sub-
channel in the input mode and the subchannel remains in this mode until a2 manual command is
given to the program to transmit a teletype message. When the program is instructed to trans-
mit a teletype message, TWXIOS turns th =~bchannel on in the output mode and transmits the
specified message. As soon as transmission js completed, TWXICS automatically puts the sub-
channel back into the input mode. When the subchannel is in the input mode, TWXIOS decodes
and examines all incoming messages and looks for those addressed to the PRESS computer.
When a message for the PRESS computer is encountered, it is saved for further processing by

the INMES program. All other incoming messages are discarded.

7.2.5 TYPEC

TYPEC is the 7281 typewriter subchannel control program. The typewriter subchannel op-
erates in any one of the three following modes: Inquiry, Input, and Output. The Inquiry Mode
is a passive condition in which the typewriter can only signal the computer for attention. Except
for the "Inquiry Request" Key (Attention), the typewriter keyboard is locked when the subchannel
is in the Inquiry Mode. 1n the Input Mode, the typewriter keyboard is unlocked and all characters
typed in on the keyboard enter the typewriter subchannel storage block in the computer. In the
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Output Mode ‘he keyboard is again locked, and the characters placed in the typewriler subchannel
storage block by the program are typed out.

The purpose of the TYPEC program is to identify the cause of an interrupt initiated by the
typewriter and to transfer to the appropriate subprogram (INQUR or TYOUT) for servicing that
interrupt. TYPEC also turns the subchannel on in the appropriate mode whenever the typewriter
mode of operation is to be changed.

As implied above, the subchannel normally remains in the lnquiry Mode waiting for an
"Attention" signal (obtained by pushing the lnquiry Request Key) from the typewriter. Pushing
the Inquiry Request Key when in the Inquiry Mode initiates a program interrupt that is recognized
by TYPEC. TYPEC then turns the typewriter on in the Input Mode, the keyboard is unlocked,
and the program becomes ready to accept input data from the typewriter. When typewriter in-
terrupts occur while in the Input Mode, TYPEC transfers control to the INQUR prograra, which
processes the incoming message. When the message is an Inquiry Request (a request for a dis-
play of data on the typewriter), the INQUR program transfers to TYOUT, which sets up the reply
message (the data to be displayed) for output to the typewriter. TYOUT then transfers backto
TYPEC, which turns the typewriter on in the Output Mode and the data set up by TYOUT are
typed out. When typewriter interrups occur while in the Output Mode, TYPEC transfers control
to TYOUT, which continues to set up the data for output to the typewriter until the output of all
data requested has been completed. When a given input or output operation has been completed
by the typewriter, TYPEC turns the subchannel back on in the lnquiry Mode, and remains passive

until a new attention signal is received from the typewriter.

7.3 GROUP 111 — TRAJECTORY SMOOTHING, EXTRAPOLATION, AND TRACK

FILE CONTROL PROGRAMS

The gene:al purpose of the subprograms in this category is to establish and maintain track
files (target trajectories) from which directing data for the various sensors may be computed.
There are essentially three types of track files maintained by the program: TRADEX Target
Track Files, Acjuisition Track Files, and Aircraft Track Files, The TRADEX Target Track
Files are smooth trajectorie: that are fitted in a least-squares sense to the target position
measurements made by the TRADEX radar while tracking the target. The Acquisition Track
Files are ballistic trajectories that are integrated in real-time from a set of initial conditions
input to the program. The Aircraft Track Files, similar to the TRADEX Target Track Files,
are smooth trajectories that are least-squares fitted to the aircraft position measurements made
by the SKR aircraft tracking radars. The trajectory information in all these track files is given
in TRADEX rectangular coordinates. Once a track file has been established, it is maintained
by extrapolating or integrating its contents in real-time. The equations used for trajectory

smoothing and integration of the track fi'es are given in the Appendix.

7.3.1 BETRAIJ

BETRAI is the trajectory integration program that is used to extrapolate the TRADEX Target
and Acquisition Track Files in real-time every program cycle. These track files are normally
integrated by using the ballistic trajectory equations of motion for the acceleration components
of the target in TRADEX rectangular coordinates. The tota! acceleration of a target in a ballistic
trajectory — expressed in the TRADEX rcctangular coordinate system — consists of the following
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components: acceleration of gravity, apparent accelerations due to rotation of the earth-fixed
TRADEN coordinate system in space as the earth rotates, and, during the re-entry portion of
the trajectory, the effects of atmospheric drag.

However, for the TRADEX Target Track Files only, a special integration mode, consisting
of simple straight-linc extrapolation, is available for establishing track files on objects in non-
ballistic traject ries, This special mode, named "Ballon Track Mode," may be manually selected
from the comp .ter or remote control consoles. 1t is principally used to maintain track files on
balloon target ; tracked by the radar during calibrations runs.

During the re-entry portion of a target trajectory, the acceleration components of the track
file due to aerodynamic drag on the target are computed by BETRAJ in either of the following
ways. For those track files, including the Acquisition Track Files, which correspond to targets
not being tracked by TRADEX during re-entry, the target acceleration (or rather deceleration)
component due to drag is computed by using a drag coefficient extracted from pre-stored tables
of target drag coefficient vs Mach number or altitude. However, inthe case of the track file
associated with that target actually bring tracked by TRADEX through re-entry, the drag de-
celeration components are derived d.rectly from the target doppler and position measurements
made by the radar. In either case, during re-entry the derived drag deceleration components
are added to those due to gravity and earth rotation computed from the ballistic equations of
motion. The total target acceleration, represented by this sum, is then used to integrate the

trajectory in the associated track file.

7.3.2 ACSM

ACSM is the so-called "aircraft smoothing program." The function of this program is to
establish and maintain the Aircraft Track Files. The Aircraft Track Files are established by
recursively fitting a straight line track in a least-squares sense to the aircraft position measure-
ments obtained from the SKR aircraft tracking radars and from the aircraft radar altimeter
measurcements transmitted to the computer via the A/G data link. A straight-line fit is used
since the aircraft flight path is generally composed of straight-line segments, the flight time
along each segment being on the order of several minutes, Consequently, the acceleration com-
ponents of the Aircraft Track Files arc set to zero. Each SKR is assigned to track a single air-
craft. Furthermore, each of the three Aircraft Track Files is uniquely associated with a given
SKR radar, and thus with the aircraft tracked by it. Consequently, the smoothed position and
velocity of a given aircraft are always contained in the same Aircraft Track File.

Since the altimeter measurement made by the aircraft is a morc accurate indication of the
aircraft's vertical position than the SKR elevation measurement, the z-coordinate position and
velocity in an Aircraft Track File are computed from the altimeter measurement, rather than
from the SKR elevation measurement whenever the former is available. Consequently, the SKR
elevation measurement is used only as a "back-up" in case of an altimeter or A/G data link
malfunction. In any case, the ACSM program checks the values of the position measurements
obtained from the SKRs and aircraft altimeters for consistency with the contents of the respective
track files before using these measurements to update those track files. In this way, the Air-
craft Track Files are guarded against corruption by spurious or extremely noisy measurements.

The ACSM program operates and samples the SKR and altimeter data for updating the Air-
craft Track Files every program cycle. After a new data point has been "smoothed" or re-

cursively fitted into a track file, the track file is extrapolated ahead in real-time by an increment
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of 0.1 sec. When track on an aircraft is lost, thc corresponding Aircraft Track File continues
to be cxtrapolated in real-time until track is re-established by the SKR, at whi:h time that track

file is restarted from the new measurements.

7.2.35 NTRAP

The XTRAP program performs the recursive least-squares trajectory fitting (smoothing)
of TRADEX track target position measurements into the TRADEX Target Track Files, and per-
forras the control functions for both TRADEX Target and Acquisition Track Files. The track
file smoothing process consists merely of recursively computing a least-squares fit trajectory
to the radar tracking measurements of target position made by TRADEX. The target position
measurements made by TRADEX are sampled for smoothing and updating the track files twice
a second during the 0.1- and 0.6-sec program cycles. The data sample is used to update the
corresponding track file only if TRADEX is actually tracking the targct in both range and angle
coordinates. The sampled coordinate measurements have already been corrected for refraction
and propagation delay by the BUFFR subprogram. The trajectory fitted to the data is that in-
tegrated by the BETRAJ program, and is a ballistic trajectory unless the Balloon Track Mode
of trajectory integration has been manually selected. Every track file, whether or not it is
currently being updated with radar track measurements, continues to be extrapolated in real-
time by the BETRAJ subprogram. The track file control functions performed by XTRAP will be
described ne:t.

For the Acquisition Track Files, track file control essentially consists of aligning the in-
tegration process with real-time. Both Acquisition Track Files are integrated along a ballistic
trajectory from a set of initial conditions input to the program. However, the time tag of the
given initial conditions may be earlier or later than the pres:nt value of real-time in the program.
Consequently, the controls for thc Acquisition Track Files speed up vr delay, as necessary, the
initial integration of these track files. For example, if the time of the initial condition for a
given Acyuisition Track File is later than the present value of real-time, commencement of
integration for that track file by BETRAJ is delayed until the value of real-time from the PRESS
Clock reaches the value of time given in the track file initial conditions. Conversely, if the
time of the initial conditions for a given Acquirition Track File is earlier than the present value
of real-time, that track file is integrated at a 1ate ten times real-time, until the timc value of
the track file contents catches up with the actual time from the PRESS Clock.

The track file control process for the TRADEX Target Track Files is closely associated
with the trajectory ritting function and provides a means of automatically starting a new track
file when TRADEX switches track to another target. The purpose of this track file control func-
tion is hopefully to uniquely associate each new target tracked by TRADEX with a different track
file. The word "hopefully" is used above because, unfortunately, the operation of this control
logic also sometimes causes a new track file to be started while TRADEX is still tracking the
same target. This anomaly is especially likely to occur when the track of the given target by
the radar is weak or unusually noisy. Briefly, the track file control logic for the TRADEX
Track Files operates as follows: Each new TRADEX track data sample (the TRADEX track data
is sampled for inclusion in the track files twice a second) is tested for consistency within certain
limits in range and angle against the extrapolated contents of the most recent track file established

from TRADEX data — the so-called Prime Track File. If the new data point falls within the given
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limits, it is uscd by the recursivc least-squares smoothing algorithm to update the Prime Track
File. If it did not fit, it is used to start a new track file. This new track file is called the Al-
ternate Track I'ile. The new data point may fail the above consistency test with rcspect to the
Prime Track File for one of two rcasons: eithcr the data point was spurious or excessively
noisy, or it was obtained from a new track on another target. In the former casc, the data point
will effectively be discarded, thus guarding the cxisting Prime Track File against corruption

by spurious data. 1n the latter case, a new track file on another target is considered to be for-
mally establist.ed as soon as 20 mutually consistent data samples (10 seconds of data), none of
which werce consistent with the current Prime Track File, have been placed into the new Alter-
nate Track File. When 20 mutually consistcnt data samples have been placed into the Alternate
Track File, it then becomes the new Prime Track File, and the process continues. Note that
each new data point is not tested for consistency with all existing target track files, but usually
only with the current Prime Track File and then, if it did not fit the Prime, with the Alternate
Track File, if one has been started. However, if the manually selected Directing Track File

is not the same as the Prime Track File, the data samples are first tested for consistency
with thc Directing Track File before the test with the Prime Track File. Usually, however, the
Prime and Directing Track Files will be one and the same. The preceding discussion of the
TRADEX Target Track File control process has been somewhat abbreviated, and several im-

portant but specialized details have been omitted.

7.3.4 STAR

The STAR program is used to compute pointing data for directing the various PRESS sensors
at a celestial body. This program operates only when "Star Track Mode" has been manually
selected. The STAR program computes the position and "velocity" of the celestial body in
TRADEX rectangular coordinates by assuming a fictitious range to the body of 109 ft; a value,
which for all practical purposes, is equivalent to infinity. The position and velocity components
of the body are computed in TRADEX rectangular coordinates for placement into a track file,
because all the sensor pointing commands are computed from the rectangular coordinate position
and velocity data in the track files by the sensor directing data computation programs. The
velocity of a celestial body is an apparent one, due to the relative motion of the body with re-
spect to the earth-fixed TRADEX rectangular coordinate system as that coordinate system rotates
with the earth in space. The position and velocity coordinates of the celestial body or star are
computed by STAR once each program cycle from the celestial coordinates (Declination and
Sidereal Hour Angle) of the body that are entered into the program as input data on the Input
Paramcter Tapc or through the on-linc typewriter. The equations used to compute the position
and velocity of the star, as described above, are given in the Appendix.

When the program operates in the Star Track Mode, normal ballistic integration of the
Nominal Track File is suppressed, and the rectangular position and velocity coordinates nf the
celestial body computed by STAR are placed into that track file. Thus, to point the PRESS

sensors at the star, the program is put into Star Track Mode and Nominal Track File is selected

as the Dirccting Track File.

7.4 GROUP 1V — SENSOR DIRECTING DATA COMPUTATION PROGRAMS

The general purpose of the subprograms in this category is to compute the directing or

pointing data commands for the various PRESS sensors from the track files established and
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maintained by the subprograms of Group 111. At present, pointing commands for all PRESS
sensors are computed from the same track file at any given time, The track file from which
these commands are computed is called the Directing Track File. The Directing Track File
mayv cither be manually selected from the external program control consoles, or, if no manual
selection of the Directing Track File is made, the program automatically selects the latest avail-
able TRADIX Target Track File (the Prime Track File) as the Directing Track File. Any of
the following track files may be manually selected for computation of directing data: any one of
eight TRADEXN Target Track Files, Nominal or Offset Acquisition Track File, No. 3 Aircraft
Track File, and Boresight Tower Track File. The Boresight Tower Track File, which has not
been previously mentioned, merely contains the position coordinates of a fixed reference point,
such as the location or the target simulator on the TRADEX boresight tower; this track file is
normally used only for check-out and diagnostic purposes.

The functions performed by each of the Sensor Directing Data Computation Programs are
all very similar. These subprograms operate during every program cycle and essentially merely
convert the rectangular coordinate positions and velocities in the Directing Track File to sensor
pointing commands and command rates in the pointing coordinate system for each sensor; nor-
mally, azimuth, elevation, and range, and their rates. The sequence of operations in this con-
version process is normally as follows: translation of the track file position coordinates from
the TRADEX origin to the sensor location, rotation of the translated position and velocity co-
ordinates from the TRADEX system to the orientation of the corresponding rectangular system
at the sensor location, to account for curvature of the earth in the event that the sensor is located
more than a half mile from TRADEX, and, finally, conversion from sensor rectangular coordi-
nates to pointing cocrdinates (X, Y, Z, X, Y, Z toR,AE, R, A, E). Elevation commands to TRADEX
and the ground optics sensors are corrected for atmospheric refraction; the range command
for TRADEX is also corrected for refraction. The computed commands for each sensor are also
extrapolated from the track file data to correct for data transmission delays to each sensor, which
vary from about 8 msec for ROTI pointing data to 150 msec for the aircraft optics pointing data.
The equations used to perform the above computations of sensor pointing command data are given

in the Appendix.

7.4.1 ACDIR

The ACDIR program computes commands for pointing the optics sensors located in the var-
ious PRESS aircraft being tracked by the SKRs. The directing data for each active aircraft are
computed as follows: The target position and velocity coordinates in the Directing Track File
are translated to the position and velocity of the aircraft by subtracting the contents of the cor-
responding Aircraft Track File from those of the Directing Track File. The translated co-
ordinates are then rotated from the TRADEX coordinate system into a rectangular coordinate
system aligned with the orientation of a stable platform in the aircraft. The orientation of the
aircraft stable platform is that of the earth tangent plane at the launch site of the aircraft, usu-
ally Wake Island, and is known to the RTP a M_i' the requisite rotation matrix having been
entered into the program from the Input Parameter Tape. The rotated coordinates are then con-
verted to look angle coordinates for the aircraft optics sensors relative to this stable platform.

1n addition to azimuth and elevation of the target from the aircraft relative to its stable platform,
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the prograni also computes a slit roll angle command that is used by some of the optics sensors

to align a viewing slit along the target's velocity veetor.

7.4.2 DIDAT

DIDAT is the directing data computation program for the TRADEX radar. DIDAT computes
the following commands for TRADEX from the data in the Directing Track I'ile: range, azimuth,
elevation, doppler (range ratc), and azimuth, elevation, and doppler rates. Since the data in the
Directing Track File are in TRADEX rectangular coordinates, the conversion to TRADEX look
angle coordinates (rangc, azimuth, and elevation) is made directly from the track file data; no
intermediate steps are required, as in the case of the other sensors. The elevation and range
commands are corrected for atmospheric refraction. Although the above commands are con-
tinuously computed by DIDAT, the range, azimuth, elevation, and doppler commands are used
bv TRADEX only when the radar is not in full track and computer designation is specified at the
TRADEX operating console. However, the computed rate commands are used as feed-forward
signals to the TRADEX servo loops and may be used by TRADEX, even when the radar is in full
track. The purpose of these rate commands is to reduce tracking and positioning errors due to
servo dyvnamie lag.

DIDAT also asscmbles a program status message that is transmitted with the directing data
but is uscd to drive indicator lights on the TRADEX remote RTP control console. The informa-
tion in this status message includes such items as: (1) which track files are available for selec-
tion as Directing Track Files, (2) which track file is currently the Directing Track File, and

(3) which track file is currently being "updated" with TRADEX track data.

7.4.3 NIKE-X

The NIKE-X program computes a target position data message from the data in the Directing
Track File for transmission to the NIKE-X DR radar on Kwajalein. The computed message con-
tains the target position in DR rectangular coordinates with parity check bits for each coordinate.
The parity cheek bits are included to verify transmission reliability, since thec data are trans-
mitted to Kwajalein over a submarine telephone cable. The data in the message are computed
as follows: First, thc position coordinates in the Directing Track File arc translated from thc
TRADEX origin to the DR location. Next, the translated coordinates are rotated from the TRADEX
coordinate frame to that tan gent to the earth's surface at the DR. The resultant target position

in DR rectangular coordinates is then placed in the message for transmission.

7.4.4 PLATOS

The PLATOS program computes the pointing commands to be transmitted to the 48-inch
telescope. PLATOS computes the following commands from the data in the Directing Track File:
azimuth, elevation, and focus. The focus command is a function of the range to the target com-
puted from the track file position coordinates. The azimuth and elevation commands are com-
puted in the same manner as for all other sensors that are not located at the TRADEX origin:
translation of coordinates from TRADEX to the location of the 48-inch telescope, rotation of
coordinates to account for the earth's curvature between the locations of TRADEX and the tele-
scope, and conversion from rectangular coordinates at the telescope to azimuth and elevation.

Finally, thc computed elevation command is corrected for refraction of light by the atmosphere.
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7.4.5 PRIFCON

The PRI'CON program computes a pulse repetition frequency (prf) command for the TRADEX
radar. Unlike the other direeting data computation programs, PRFCON computes its command
directly from the TRADEX range and doppler data decoded by BUFFR, rather than from the data
in the Directing Traek File. The prf command computed by PRFCON is defined as being either
2-1) (two-dimer sional) or 1-1), aceording to whether the computed prf is such that the ambiguous
target return will be kept out of both the ambiguous range and doppler eclutter or only out of the
ambiguous range clutter, respeetively. Obviously, every prf eommand that satisfies the 2-D
criteria also satisfies the 1-D criterion, but the converse is not necessarily true. The prf eom-
mand computed by the program is restricted to a set of twelve diserete values of prf at which
TRADEX can operate. The values of these twelve prf's are contained in a table built into the
program. The program attempts to select a prf eommand from the available set that will satisfy
the 2-D criteria — that is, will keep the ambiguous target return out of both the iimbiguous range
and doppler elutter. Depending on the eurrent values of TRADEX range and doppier, and on the
widths of the elutter regions, it may happen that several of the avaiiable values ~f prf satisfy
the 2-D criteria, or that none do. The widths of the range and doppler clutter regions are meas-
ured by TRADEX before a test operation and are input to the program either from the Input
Parameter Tape or the on-line typewriter. When several values of prf satisfy the 2-D eriteria,
the program chooses that value that will continue to keep the target out of both clutters for the
longest period of time. In the latter ease, where no prf's satisfying the 2-D criteria can be
found in the available set, the program then selects that prf satisfying the 1-D criterion that
will continue to keep the target return out of the range clutter for the longest period of time.

The available set of prf's is such that at least one prf satisfying the 1-D criterion can almost
always be found. This abbreviated deseription of the function and operation of the PRFCON pro-
gram is intended merely to convey a general idea of the prf seleetion proeess performed by that
program. The aetual details of the prf selection logic in the program are quite eomplex and have

been omitted in the above description.

7.4.6 ROTI

The ROT1 program computes the pointing cornmands for the ROT] telescope from the data
in the Directing Track File. The functions performed by, and operation of, the ROTI program
are nearly identical to those of the PLATOS program described in Sec. 7.4.4, with the exception

that no foeus command is computed for the ROT]1 teleseope.

7.5 GROUP V — RE-ENTRY PREDICTION COMPUTATION PROGRAMS

The purpose of the subprograms in this category is to compute the predicted time and posi-
+'on of re-entry for each available TRADEX Target and Acquisition Track File maintaining a
ballistie trajeetory on a target that will re-enter the atmosphere. Naturally, no re-entry pre-
dictions are made for track files maintaining trajectories on satellites, balloon targets, star
tracks, or ballistic trajectories that have already re-entered the atmosphere. The re-entry
predictions are based on the assumption that the ballistic trajectory of a target, from its present
position in a track file to the altitude of re-entry, may be approximated by a Keplerian orbital
ellipse. The orbital elements of this ellipse are determined from the present values of position

and velocity in that track file. The altitude of re-entry to which the predictions are made is
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300kft. ‘The predicted times of re-entry for each track file are used to generate a display of
differential flight times to re-entry for each track file relative to the Nominal Track File — this
display being printed out on the on-line printer about once every *en seconds. In addition, the
predicted time of re-entry for a given selected track file may he used to reset the external time-
to-re-entry (TTR) clock. The track file designated for this purpose is manually selected from
the computer console keyboard. The predicted re-entry positions of all track files for which this
computation is made are available for display on the off-line Milgo plotters. The re-entry pre-
diction computations and associated display are only performed abcut once every ten seconds

for each track file since, for valid ballistic trajectories, the predicted values change very slowly,
if at all. Consequently, the consistency of the predictior. data displayed also provides a check on
the validity and consistency of each corresponding track file. The equations used in performing

the re-entry prediction computations described above are given in the Appendix.

7.5.1 FLTPG

FLTPG is the control program for performing the re-entry prediction computation. This
program only operates once a second, during the 0.4-sec program cycle and sequences the com-
putations for all track files so that a different track file is processed every second. FLTPG
also examines the altitude of each track file being processed and causes the prediction computa-
tions to be performed only for those track files whose altitudes are in excess of 400kft. The
actual prediction computations are performed by TTRPG, which is discussed in Sec. 7.5.2.

FLTPG also generates the differential flight time display for the on-line printer. This dis-
play consists of the predicted lift-off to re~eatry flight time for the Nominal trajectory and the
differential flight times for all other track files relative to the Nominal. This display provides
a means of determining whether the target in a given track file is ahead of, or behind, the Nom-
inal. FLTPG also contains the logic for resetting the external TTR clock from the predicted

re-entry time of the track file manually selected for this purpose.

7.5.2 TTRPG

TTRPG performs the actual re-entry prediction computations for each track file. This
program is called by FLTPG whenever the re-entry prediction computations for a given track
file are to be performed. TTRPG determines the Keplerian orbital ellipse approximating the
track file ballistic trajectory from the current values of the position and velocity in the track
file. TTRPG then determines the intersection point of this ellipse with a sphere 300 kft above
the earth at TRADEX, and computes the resultant position of the intersection point and the re-
maining time-of-flight along the elliptical orbit to that point. In the event that the track file con-
tains a satellite trajectory, no intersection point of the orbital ellipse with the 300-kft sphere
will exist and the remaining computations in TTRPG are skipped. In that case, the word "ORBIT"
will be printed in lieu of the differential flight time for that track file in the differential flight

time display on the on-line printer.

7.6 GROUP VI - PLOT COMPUTATION PROGRAMS

The purpose of the plot computation programs is to generate a geographic display plot of
the aircraft positions in all active Aircraft Track Files, the current target position in the selected
Directing Track File, and the predicted re-entry position of the target in the Directing Track
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¥ile. These positions will be plotted on two Milgo vertical display plotters on a 300- X 300-mule
geographic overlay chart of the Kwajalein area. The actual physical size of each display is about
3 feet square. The function of the plot computation rrograms is to scale the positions to be
plotted to the scale of the plot boards, and to reformat the position data from the track files into
commands for positioning the plotting arms of the plot boards. Since the Milgo plot boards can
only plot onc point at a time, at a maximum rate of about one point a second, these programs
also control the times at which the individual points are plotted, thus effectively time-sharing

the use of the plot boards.

7.6.1 PLOTC

PLOTC is the plot control program. The function of this program is to sequence the plotting
of all position points to be displayed, and to set up the data defining each point to be plotted for
scaling and reformatting by the PLOT program. PLOTC is executed only four times a second
during 0.6-, 0,7-, 0.8-, and 0.9-sec program cycles and only if plotting has been manually erabled
by a command from the computer console. On each entry, PLOTC sequences the jrocessing of
each point to be plotted, so that a different point will be processed for plotting on ea » -msecu-
tive entry.

A total of twelve different plot points are processed — six for each of the two Milgc plot
boards. Presently, the displays on each of the two plot boards are identical, so that six identical
pairs of plotting operations are performed by PLLOTC. However, the processing of each of the
six plotting operations is performed separately by PLLOTC for each of the two plot boards — for
a total of 12 operations. The processing perfurmed by PLOTC consists of determining whether
or not the current data point is available for plotting (whether or not the associated track file is
available), and, if available, setting up the necessary plot data for scaling and reformatting by
the PLOT program.

Although PLOTC operates four times a second, the timing characteristics of the Milgo plot
boards restrict the number of points that may actually be plotted to a maximum of one point per
second on each board. Therefore, the number of points processed by PLOTC that are actually
to be plotted is effectively restricted to a maximum of two points each second — one plot point
for each of the two boards. The only circumstances under which PLOTC can actually perform
four separate plot processing operations each second — a new one on each entry — is when at
least two of the four operations being processed do not result in a point to be plntted. When
every plot processing operation performed by PLOTC results in a point to be plotted, the effec-
tive processing rate is reduced to two points a second, and six seconds are required to complete
the entire 12-operation plotting cycle.

A new plotting cycle is initiated by PLOTC once every ten seconds on the 9.6-sec program
cycle. Because a maximum of six seconds is required to complete the plotting operations in
every cycle and a new cycle is only initiated every ten seconds, an unobstructed view of each
plot board is obtained during the last four seconds of each plotting cycle, or 40 percent of the
time.

The six plotting operations performed by PLOTC for each of the two plot boards is given

below.
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Plotting Operation Plotting Symbol
(1) Plot Dirccting Track Iile Position iy
(2} Plot Aircraft No. 1 Traeck Ifile Pasition (if active) 0
(3) Plot Aircraft No. 2 Traeck I'ile Position (if active) +
(4) Plot Aircraft No.3 Track File Position (il active) X

(5) Plot Predicted Re-entry Position of Directing
Traek File TF Nos. 1 through 8, N, 0

(6) Return Plotter Arm to Side of Flot Board -

"1~ last step is performed to provide @n unobstructed view of the plot boards until the next

plotting cycle is begun.

7.6.2 PLOT

PLOT is called by PLOTC whenever a plot data point set up by PLOTC is to be further proc-
essed for actual plotting. The PLOT program performs the plot scaling computations and the
formatting of the position and piotting symbol commands to be sent to the Milgo plotters. A dif-
ferent plotting symbol is used for each data item plot'ed. PLOT also discards all points whose
position fa'ls outside the range of the plot boards. After scaling and formatting of the commands,
PLOT secs up a plotter-select request to the ACONT program to transmit the plot data to the
designated Milgo plot board.

7.7 GROUP VII - UTILITY PROGRAMS

The programs in this category are not related to any of the principal operational functions
performed by the RTP. They do, howcver, perform rertain support or utility functions essential
to the operation of the RTP, per se in much the same way that the utilities of gas, water, and
electricity are essential to the operation of a home or commercial building. Also, unlike the
subprograms in the previously described categories, the operations performed by the individual
utility subprograms are relati ely unrelated — in much the same way that the uses of gas, water,
and electricity are all unrelated — though essential. Finally, the functions performed by these
programs affect only the internal operation of the RTP — in effect, they perform certa’n house-
keeping operations within the RTP. Thus, their operation remains unnoticed by, and has little
interest for, the observer who is primarily interested in the external manifestations of the func-
tions performed by the RTP. A summary analog of the roie of these subprograms in the RTP,
for the more technically inclined reader, would be the relationship of power supplies and timing
generators to the operation of a radar such as TRADEX.

The specific utility programs to be described perform functions associated with loading the
program into the computer from a magnetic tape, reading the Input Parameter Tape, initial
start-up of the program, sequencing execution of all the subprograrns every program cycle,
servicing of program interrupts initiated by the 7281 subchannels and other devices, and providing

a synthetic means of program synchronization during IFPB operations.

7.7.4 DUMPR
The function of the DUMPR program is to load the RTP into the computer from the Real-~

Time System Tape (a magnetic tape containing a library of programs associated with and including
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the RTP) ard to rcad the Input ’arameter Tape. When the RTP has been loaded and the contents

i

of the Input Marameter Tape have been read into the program, DUMPR transfers to KJIMAIN, !

il 0 1)

the next program to be discussed, and operation of the RTP is initiated. As should be expected,

DUMPR is executed only once, during the initial start-up of the RTP.

7.7.2 KIMAIN

K MATN is the "main program" of the RTP. 1t is the main program only in the sense that ‘
its primary function is to call the principal subprograms of the RTP /ind get them executed in i
sequence every program cycle. In this capacity, KIJIMAIN also logs che actual execution times
required by each subprogram every program cycle.

KJIMAIN also performs the following subsidiary functions: KJMAIN writes the so-called

e

"calibration record" as the first physical record on the computer output tape. This calibration
record contains input data read from the Input Parameter Tape, it is recorded on the output tape
to provide a permanent record of these data. KJMAIN als. provides a "program restart" facility
by which the program can be restarted without loss of existing track files in the event of an un-
expected and temporary program or computer failure. The Floating Point Trap Error Monitor
Routine is also located in the KJMAIN program. This routine processes the conditions associated
with the occurrence of a floating-point trap (invalid floating-point arithmetic operation) for re-
cording on the E1 ror Monitor Output Tape. Finally, KIMAIN performs the functions required

for orderly shut-down of the program when the manual "end program" command is entered on

the computer console. These functions consist of end-of-filing and rewinding all tapes used by

the program and turning off the 7281.

7.7.3 SIMCLK

SIMCLK is the PRESS Clo-k Simulator Program. This subprogram operates only when the
RTP is in the IFPB Mode. Its function is to generate a prog.am pseudo-clock word from the
100-pps timing signals recorded on the IF tape that are sent to the computer through the TRADEX
Gain Input Subchannel. The arrival of each timing pulse from the IF tape causes the above sub-
channel to interrupt the program, thus activating SIMCLK which then increments the pseudo-

clock by 0.01 sec. The format of this program-generated clock word is identical to that received

by the program from the PRESS Clock during Live Mode operations. This pseudo-clock word
generated by SIMCLK plays the role of the PRESS Clock when the prugram operates in the IFPB

Mode and is used to synchronize operation of the program during IFPB operations.

7.7.4 TRAPC

The function of the TRAPC program is to identify the source of program interrupts initiated
by the various 7281 subchannels that are enabled to interrupt the computer. When thesr interrupts
occur, TRAPC transfers to and executes the appropriate interrupt servicing routine for each
subchannel interrupt requiring service. Presently, the 7281 subchannels that generate interrupts
requiring service by the program are: TRADEX and Ground Optics Output, TRADEX Gain
Input, Typewriter, and Teletype. The interrupt servicing routines for the first three subchannels
above are located in the BUFFR subprogram. The Typewriter Interrupt servicing routine con-
sists of a single instruction in TRAPC, and the Teletype Interrupt servicing routine is in the }

TWXIOS subprogram. |
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8.0 PROGRAM OPERATION

Section 1, the Introduction, briefly outlined the role of the RTP in controlling the .arious
PRESS sensor systems and described the general structure of the RTP an- its relationship to
the external I/0 devi. : with which it communicates. Following this outline, the material in
Secs. 2 through 6 provided a somewhat more detailed examination of the internal functional ope—a-
tions perforined by the RTP, Sections 2 and 3 described the concept and purpose ~f the various
track files generated by the program and their role in the generation of sensor directing data.
Sections 4 and 5 discussed the subsidiary operations of the display on Milgo plotting boards of
the target and aircraft positions in the track files, and the re-entry prediction computations for
targets having ballistic trajectories, Finally, Sec. 6 covered the various miscellaneous internal
functions performed by the program — comm aication with the on-linc typewriter and the on-line
teletype connection, recording of error conditions and other operational anomalies, and generation
of celestial pointing (Star Track) data for the optics sensors.

Following this over-all description of the functions performed by the RTP, a brief outline of
each of the individual subprograms in the RTP, which actually perform these functions, was given
in Sec. 7.

Having described in Sec, 7 the function and operation of the individual subprograms, which
together constitute the RTP, we shall now examine the operation of the RTP as a whole. In other
words, we shall examine how the building blocks of the RTP — its subprograms - fit and function
together. The over-all operation of the RTP can be examined from either one of two points of
view — the operational point of view from the standpoint of the chronological flow of execution for
the individual subprograms, or the functional point of view from the standpoint of data flow through
the program. The operational point of view will be examined first,

The execution flow diagram for the RTP is shown in Fig. 3. A simple program cycle consists
of one complete circuit around this diagram, starting with the BUFFR subprogram. Note that the
KJMAIN program appears only once in the diagram, immediately before the BUFFR subprogram.
However, since all the subprograms are called by KIMAIN in its role as the main program, the
transfer from one major subprogram to the next is actually accomplished through a return to
KJMAIN, as indicated by the asterisks on the diagram.

As seen from the diagram, the DUMPR program initially loads the program into the computer
and reads the lnput Parameter Tape. DUMPR then transfers to KJMAIN, which writes the "cal-
ibration" record on the output tape and performs certain internal initialization functions required
before actual execution of the first program cycle is begun. KJMAIN then transfers to BUFFR to

begin the first program cycle,

8.1 OPERATION OF A TYPICAL PROGRAM CYCLE - A GUID™D TOUR

The operation of a "typical" program cyele will be described in this section. A typical pro-
gram cycle is any program cycle other than the first cycle with the program operating in the Live
Mode and with Star Track Mode not enabled. The execution of the first program cycle is some-
what different from a typical one. In the first program cycle, various initialization functions,
such as the initial turn-on of the 7281 subchannels, are performed by the BUFFR subprogram,
and the execution of the BCONT subprogram is skipped because there are no data yet to be written
out. The operation of a program cycle in Simulation Mode differs from a typical one in Live Mode

only in the following: the operation of the BUFFR subprogram is slightly different in Simulation

36

B



2 £ .

R

-ureaderp moly uorjnoaxa JLH 't gy

& HOVI LV NIVAPH OL NENL3Ib-—
WYHO0Hd HIVACY WoHd

3ININDIS NI A3V WV
SWYHOOHJEANS HOFYAN -

SOIxml OL GlansdI LN
= 2wl H44NE n.; TINNVHIENS (BTL NO SHIISNVEL
— ot
—_—
LT TEE _ 107 mo::s»
e S3INLNO SIWNT \(l!_\qu
438 PREGIS ,
. !

+ LHCDE |__ u._u._n _IL NIV P
300m )

HH.....G.:I [ uuw |n_.,|u.qE HVAS k tn_:ﬂ.___l_w
7|I_ _| _\rmu;.m B _—IL___m -

—VF&I 438

WY HOO¥d
ovon

-

e e e ——— T T o :
- - - =

37

8



S e e B T gl Ul i

Mode than in Live Modc, the SIM subprogram is executed immedir tely after BUFFR and before
BCONT. and the BCONT subprogram causes the Simulation Input Tape to be rcad once a second
during the 0.8-sec program cycle. In IFPB Mode, the only difference in the operation of a pro-
gram cycle, in contrast to Live Mode, is in the BUFFR subprogram. The BUFFR sukprogram
operatcs somewhat differently in IFPB modc because it synchronizes the program to the 100 -pps
timing signals from the IF tape rather than to the PRESS Clock as in Live Mode. We now return

to the description of the operation of a typical program during Live Mode operation. -

8.1.1 BUFFR Operation

At the start of a typical program cycle, program execution is "hung up" in a waiting loop in
BUFFR waiting for T0O0-msecc time froem the clock. The T in T00 msec is the number of the
integral 0.1 sec coming up, i.e., 0,1, 2,3...9. At TOOmsec, program execution is released from
this waiting loop, and a new program cycle is formally begun. BUFFR then moves the TRADEX
input data that arrived during the previous program cycle from the 7281 TRADEX input subchan-
nel storage blocks to the output tape buffer. BUFFR also decodes and converts the most recent
TRADEX data sample (that at the 0.X9 sec, where X = T — 1) and performs a set of acceptance
tests on the data to determine if TRADEX is in full track and if the data are suitable for inclusion
in the track files., During this process, BUFFR alsc corrects the TRADEX elevation and range
data for refraction and the range data for radar propagation delay. The converted and corrected
TRADEX data arc placed into the program COMMON storage area for later use by the XTRAP
and PRFCON subprograms. In addition to the above functions, during the zero-tenth sccond
program cycle only, BUFFR also resynchronizes the operation of the TRADEX input subchannels,
decodes the external manual control data entered from the computer console and/or the TRADEX
remote computer control console, and moves the program status words, collectively known as
the "Flag Block" to the output tape buffer for recording. Finally, during the 0.2-sec program
cycle only, BUFFR also movcs the contents of all track files to the outpui tape buffer for

recording.

8.1.2 BCONT Operation

As seen from Fig. 3, during a "typical" program cycle, the BCONT subprogram is executed
immediately following the execution of BUFFR., On the zero-tenth second, BCONT initiates the
writing of the contents of the output tape bulfer — set up by the BUFFR program — onto the com-
puter output tape. This output ope.ation is completed within two program cycles, On any pro-
gram cycle after the 0.1 sec, BCONT writes the contents of the Error Monitor Buffer onto the
Error Monitor Output Tape only if any error data have bzen previously placed in this buffer by
the ERROR program. An Error Monitor Tape write-out is completed within one program cycle.
When the program operates in the Simulation Mode, BCONT also initiates the read-in of input
data for the next second from the Simulation Input Tape on the 0.8-sec program cycle. This

read-in operation is also completed within two program cycles.

8.1.3 XTRAP and BETRAJ Operation

The XTRAP subprogram is executed following BCONT. The XTRAP program calls BETRAJ
and gets all existing TRADEX target and acquisition track files integrated ahead by 0.1sec every
program cycle, thus maintaining the trajcctories in these track files in real-time, These track
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files are stored in the programy COMMON storage area for later recording and use by the sensor-
directing data computation programs, the plot programs, and the re-entry prcdiction programs.
NTRAP also contains the control logic for synchronizing the initial integraticn of the acquisition
track files. During the 0.4- and 0.6-scc program cycles, beforc the track files are intcgrated
ahead, XTRAP also samples the TRADEX Track data for updating the current Prime TRADEX
Target Track File or starting a new (Alternate) TRADEX Target Track File, The TRADEX data
sample taken at this time is used for updating the appropriate track file only if TRADEX is in
full track mode and thc TRADEX AGC voltage excecds a minimum threshold. These conditions
are checked by the BUFFR program during the process of TRADEX data decoding. If the above
conditions are met, the data point is tested for consistency with the Prime Track File, and, if
not consistent with it, is then tested for consistency with the Alterrate Track File. If the data
point is also inconsistent with the Alternate Track I'ile, it is used to restart that track file. The
data point is then used to update the track file wicth which it was consistent; the updating process
consists of the recursive least-squares smoothing algorithm.

Finally, the XTRAP program also places the selected Directing Track File in a separate
COMNDMION storage area block for use by the sensor-directing data programs. If no manual selec-
tion of the Directing Track File is made, XTRAP automatically selects the Prime Track File as

the Directing Track File,

8.,1.4 ACONT Operation

The ACONT subprogram is executed following execution of XTRAP and BETRAJ. ACONT
searches for requests for output to the printer or Milgo plotters that have previously been made
by the other subprograms: principally, FLTPG, ERROR, and PLOT. When such a requ.st is

encountered, ACONT initiates the desired output operation if Data Channel "A" is free.

8.1.5 Operation of Sensor Directing Data Computation Subprograms — DIDAT,
PRFCON, NIKE-X, ROT!, and PLATOS

Following the execution of ACONT, the above sensor directing data computation programs
are executed in the order shown ir Fig, 3,

Except for PRFCON, all these programs compute the directing command data for their
respective sensors from the contents of Directing Track File stored in COMMON by XTRAP.
The computed directing data are stored in program COMMON storage in two formats, The
directing data are stored in actual command format (fixed point) for transmission to the sensors
through the 7281, The directing daya are also stored in floating-point format for recording on
the ou put tape. These data will be moved from COMMON to the 7281 output subchannel storage
areas and to the output tape buffer by the BUFFR subprogram immediately before the start of
the next program cycle.

PRFCON, which is called by DIDAT, computes the TRADEX prf command directly from the
TRADEX range and doppler sample previously decoded by BUFFR. The prf command is also
stored in COMMON in iwo formats, along with the other command data for TRADEX.

DIDAT also prepares a program status message for display on the TRADEX remote control
panel. This message is also stored in COMMON, along with the other TRADEX command data.

8.1.6 Operation of Aircraft Subprograms ACSM and ACDIR

The aircraft subprograms ACSM and ACDIR are executed next, in the order shown. ACSM

generates the Aircraft Track Files. ACSM samples the SKR and aircraft altimeter data stored
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in the 7281 SKR input subchannel storage block, and uses these data to update the Aircraft Track
Files which are also stored in program COMMON storage. The updating process again consists

of a recursive least-squares smoothing algorithm. The Aircraft Track Files are then extrapolated
ahead by 0.1sec, thus maintaining the aircraft tracks in real-time.

The airhorne optics directing data computation program, ACDIR, is executed immediately
after ACSA. The ACDIR program computes the target position relative to each of the various
aircraft by subtracting the contents of each Aircraft Track File from those of the Directing Track
File. ACDIR then computes the pointing commands for all existing aircraft (up to three) from
these relative positions and velocities. The resulting aircraft pointing commands are stored in
program COMMON storage in the same manner as the pointing commands previously computed r
by the other sensor directing data computation subprograms, and will later similarly be trans-

mitted to the 7281 output subchannels and tne output tape buffer by the BUFFR subprogram,

8.1.7 Operation of Re-entry Predictio. Subprograms — FLTPG and TTRPG

FLTPG is the next subprogram executed after ACDIR, but it is only executed during the 0.4-
and 0,8-sec program cycles. During all other program cycles, execution of this program is
skipped.

On its execution during the 0.4-sec program cycle, FLTPG processes a TRADEX Target or
Acquisition Track File located in program COMMON storage in preparation for the re-entry
prediction computation. A different track file is processed each second. If the target altitude
in the track file being processed is above 400 kft, FLTPG calls TTRPG to perform the actual
re-entry prediction computations for that track file; otherwise, further processing of that track
file is skippad. The predicted re-entry positions computcd by TTRPG for each track file arc
placed in program COMMON storage; the predicted flight time to re-entry is returned to FLTPG.
After all ten TRADEX Target and Acquisition Track Files have been processed once every ten
seconds, FLTPG also sets up a select request to the ACONT program to print the differential
flight-time-to-re-entry display on the on-line printer.

On its execution during the 0.8-src program cycle, FLTPG performs the logic for resetting
the external TTR clock to the predict.d re-entry time of a selected track file, if a manual selec-
tion of that track file has been made. The TTR clock can be reset from the program at two dis-

crete values of time: two minutes and eight minutes to re-entry.

8.1.8 Operation of Plotting Subprograms PLOTC and PLOT

The next subprogram executed following FLTPG is PLOTC, the plot control program, PLOTC
is only cxecuted four times a second during 0,6-, 0.7-, 0.8-, and 0.9-sec program cycles, and
only if plotting has been manually enabled fron. the computer console; during all other program a
cycles, execution of this program is skipped. A different plotting operation (aircraft position
plot, Directing Track File position plot, etc. separately for each of the two Milgo plot boards)
is processed by PLOTC on each consecutive entry. The data to be plotted are taken from the *
track files and the predicted track file re-entry position data in program COMMON storage. If
the plot point being processed exists, PLOTC calls the PLOT program to scale the position of
the point to the plot board scale, and to format the positioning and plotting s rmbol commands
for transmission to the specified plot board. The PLOT program then also sets up a select
request to the ACONT program for transmitting the plotting command to the specified plot board

via Data Channe! "A"
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8.1.9 Operation of On-Line Teletype and Acquisition Message Processing
Suhprograms — OUTMES, TWXIOS, and INMES,

I'cllowing PLOTC, the OUTMES subprogram is executed every program cycle. OUTMES
is the tcletype output acquisition message processing program. OUTMES also always calls
TWXIOS, the teletype processing and control program and, if nothing else is going on, makes
certain that the 7281 teletype subchannel is turned on in the input mode. However, if a manual
control command has been executed to transmit an acquisition message to the ARIS ships via
teletype, OUTMES prepares this message in a specified format from the Directing Track File
data located in program COMMON storage. OUTMES then calls TWXIOS, causing that program
to turr the 7281 teletype subchannel on in the output mode. TWZXIOS then automatically initiates
transmission of this message through the teletype subchannel. The actual transmissior of the
message takes several program cycles. TWXIOS independently completes transmission of the
message (under control of teletype subchannel interrupts) while the subsequent program cycles
are being executed. On a subsequent program cycle after the transmission of the message has
been completed, OU1MES, in its regular call ot TWXIOS, causes the teletype subchannel to be
turned back on in the Input Mode., When the teletype subchannel is in the Input Mode, TWXIOS
automatically accepts and decodes any messages received from the external teletype connection
that are addressed to the PRESS computer. This is again done independently under control of
the teletype subchannel interrupts while the rest of the program is operating regularly.

Following the execution of OUTMES, the INMES subprogram is executed once a second
dur :ng the 0.4-sec program cycle. During all other program cycles, execution of INMES is
skipped. If a lift-off time has entered into the program during the previous second, INMES
deccdes this item, converts it to seconds and adds it to the time-after-1ift-off in the Nominal
Track File initial conditions to obtain the real-time of the initial conditions for that track flle.
INMES also processes any acquisition message received from the on-line teletype connection
through the TWXIOS subprogram, converts the data in tnat message to TRADEX rectangular
coordinates, and places the result i1 to the Offset Track File. Both the Nominal and Offset
Acquisition Track Files are located .1 program COMMON together with the other track files.

If neither a lift-off time nor an acqusition message was entered into the program during the

previous second, operation of the INMES program is effectively skipped.

8.1.10 Operation of Typewriter Subprograms — TYPEC, INQUR and TYOUT

Finally, following INMES, the TYPEC subprogram is executed every program cycle, TYPEC
is the control program for the on-line typewriter; it initially turns the 7281 typewriter subchannel
on in the Inquiry Mode and, subsequently, checks to see if an interrupt from the typewriter has
occurred during the past program cycle. If an interrupt did occur, TYPEC determines whether
the subchannel was in the Inquiry, Input, or Output Mode when the interrupt was imtiated, and calls
either the INQUR or TYOUT subprograms, as appropriate, for processing the data communica-
tion with the typewriter. An interrupt in the Inquiry Mode is an attention signal to the program,
and in this event, the only action taken in TYPEC is to turn the typewriter subchannel on in the
Input Mode, thus unlocking the typewriter keyboard for input. If the interrupt occurred in the
Input Mode, TYPEC calls INQUR, which decodes and processes the message being typed in, If
the interrupt occurred in the Output Mode, TYPEC calls TYOUT, which processes and encodes
data for output to the typewriter. TYPEC also controls the mode of operation ot the typewriter
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subchannel — switching the subchannel from the Inquiry Mode to Input or Output Mode, or back
to Inquiry Mode, as required. TYPLC is effectively the last subprogram executed every pro-

gram cycle.

8.1.11 Return to BUFFR to Prepare for Next Program Cycle

Following the execution of TYPEC, program execution again returns to the BUFFR sub-
program via KJMAIN. The total time required in each program cycle is always less than 98 msec.

so that this return to BUFFR will always be made before the next program cycle is scheduled to

commence. On return to BUFFR, the program "hangs up" in a waiting loop until 98-msec time — ’
2 msec before the next program cycle is scheduled to hegin. When the program is released from *
this waiting loop, BUFFR moves the sensor directing data commands previously computed by the : ?

sensor directing data computation subprograms from program COMMON storage to the 7281 out-
put subchannel storage blocks and distribution buffers, and the corresponding command data in
floating point format, for recording, from COMMON to the output tape buffer. During this time
interval, BUFFR also moves the input data from the SKR, A/G, and Ground Optics Readback }
7281 input-subchannel storage blocks to the output tape buffer for recording. All this data

shuffling is completed within the allotted time of two msec. BUFFR then checks the status of

the various 7281 subchannels — turning them on or off as required, and again "hangs up" in a

waiting loop for T00-msec time (T is the number of the next integral tenth second). Upon release

from this waiting loop, the next program cycle is begun and the process continues as described in |
Sec.8.1.1,

8.2 PROGRAM OPERATION FROM STANDPOINT OF DATA FLOW

The "guided tour" of a typical program cycle through which the reader was led in Sec. 8.1

was somewhat arduous, and there was, perhaps, a tendency to "lose sight of the forest through

the trees." In this sect.on, the operation of the program will be very briefly re-examined from
quite a different aspect — that of the data flow through the program. It is hoped that the follow- 1}
ing, largely pictorial, description of program operation — from the point of view of the data flow
through it — will aid in putting the operational description of the previous section in better
persp=ctive.

The data flow through the program is illustrated in Figs.4 and 5. Figure 4 is a diagram of
the main data flow through the program. The data flow illustrated starts with the raw input data
from the sensors entering the program through the 7281 input subchannels. The flow then pro-
gresses as these input data are moved by BUFFR for recording on the output tape, and as the
TRADEX and SKR input data are processed by the BUFFR, XTRAP, BETRAJ, and ACSM pro-
grams to be transformed into the TRADEX Target and Aircraft Track Files. The Acquisition e
Track Files are internally generated by the XTRAP and BETRAJ programs. These track file
data are then fed to the sensor directing data computation subprograms where they are trans-
formed into command data for the various sensors. The tracl file data are also fed to the plot- . j
ting subprograms for display and to the re-entry prediction computation subprograms. The
computed sensor command data are then fed back to the BUFFR program for recording on the
output tape and for transmission through the 7281 output subchannels to the external sensor data
links. The labeling of the data paths in Fig. 4 clearly indicates the data processing and handling

functions performed by each of the major subprograms illustrated in that diagram.

< o I,

i
42 h



\
"dLY JOo MOTj BjEp [BUJSUI UTRN ~§ J14
LNINJINOI 30V4HI NI STINNVHIENS LNJLNO 1822 VIA SINIT
MNIT ¥1va oL 182L ¥, TINNYHD v1v0 VIA 13534 %3073 ¥L 1 ONY
! SQ¥V08 107d 091N OL V. TINNVHI vivd vIA
Y3 LNId INIT-NO OL
(2¢8/0S) ANV (935/04) AMLINZ-3Y-0L
SHOSNIS 11V 04 SANVWMNOD ~SIWIL-LHOIT3 139MVL
VLVG ONI1I3810 4
_ :.H_hm - 235/ 30H093Y '3dVL LNdLNO H
. 01 3714 ¥IvH1 TV ANV VLVa ONILIINIC § - 031101d 38
B 1 Bddne _ 0L SNOILISOd
{ - 35355 140V ONY 1398WL
~ I
|
| .
(208/04) s34
b (oesson NOISSIWSNVYL D35/06 404 | NOISSIWSNVML 335/05 804
| ,uz_wz,_nﬂ»um ©%/01) | NOISSINSNWML D35/0S 804 et Sl il «»«%umuwz%u AwuL SHGiLISOd
" ONVWNOD 235/01 A3 LNAWOD ~ V0 ONITRION V1va ONILNIOG 1108 v AUANI -3d 31
| sbd XxQ1 viVQ INILNIOD XA L 340JSI 1AL HONI-8F 034910384
| EE | [ oens | ¢
| X-HN NOA¥d SOLVd _ 1104 @ _ 8IQOV _ _\ 21079 _ LYTR Pl 4
-
| S [ r Y — ‘ 1
|
| S3713 #IVH L 00V + XAL 23S/0} G3LVALN ‘SAVOOD 1334 XAL NI K A3y gLE (99%/01) S3M3 NIVHL OOV ONV X0 L
| S37T14 ¥OVH L1 NOILISINDIV ONV 139HVL XaL 4 SO¥00I 1934 XAL Nt
(335/08) NOI LVLNGNOD [/c S3 4 MOVHL L 4VHIOHIV
| Jud -2 404 VIVD AVWHON
{ ¥37dd0a « IONVY XQL dvalx ¥vLs WSOV
) (235,01 |=
NOILVLNWOO V138 803 (29s/2) (3'v 'Y) vivd .
3 LIYNINON Nt
“ viva H314d40C XAl WOVHL LITHVL XL SoNOTSTENIS
I i (39/01)
\ . _I._’_ SNOILYLNGMOD 31 L3IV ¥O4 3
_ 535 /¢ QI0¥GOIY ‘IdVL “Ne N0 OL ViV LNJNI 1822 11V e | Lo s :
_ (335/01) SIILJO OND ‘¥XS "9/V *(395/001) XQL w
vivQ LNdNI 1822 4
B
8d3l B0 2417 00 IS
ININJINOT 3OVAHIING S1INNVHIENS LNdN! | r..|_| | = 3dVL LNANI
eI %NiT VAVG WOH 3 1822 [ ] . 391 IS MOas NOILY 1NMIS
viv0 1NdN! 1824
1
&
;
.
] g v . v o s
; h
1 ~ - x
-rli‘ -




WYFIDH48NS
dld ANY WiHdA O—
STIw2 HOuEl

EEL TR
ANd LD i
BOLINOM J
Ul T I

53T 30ALTT3L
TIeNHILXT DU

95401- 05 - 6]

*MOTJ BlBp TBUJ3IUT AJer[IXne J LY

14 L uoeirsnboo) S35
HITHL 13S340 QN
L1309HYL W04 WOHA

J9v553N L35490
YA SdiHS SiHY 0L

109553 NOLLIBINDOY 440~ L4077 LFDEVL

WYHOOEL 40
LEYa ANT DL

TANNTHIENS XMWl

TANNVHIENS '3dAL
1822

!

HILIMMIAdAL
3NIT-NO

44




TPl T

R SOy~ | SESERWEE | it

Figure 5 illustrates the auxiliary data flow through the program — the data communication
flow between the program and the on-line typewriter and teletype connection, and the flow of data
for recording on the Error Monitor Output Tape. The labeling of the data paths in Fig. 5 clearly
indicates the data processing and handling functions performed by each of the subprograms in
that diagram. The diagram itself is sufficiently simple and does not require any additional
verbal explanation.

The separation of Figs. 4 and 5 indicates the difference between the main and auxiliary data
flows. The main data flow is active every program cycle, while the auxiliary data flow is active
only when either the on-line typewriter or teletype connection is in use, or when error data are
to be recorded on the Error Monitor Qutput Tape., Note also that, although there is some linkage
between the auxiliary and main data flows — principally through the acquisition track file data
messages processed by INMES — in general, the auxiliary and main data flows are independent
of one another. In the same way, the programs that service the typewriter, teletype, and error
tape communications (as illustrated in Fig.5), operate independently of those associated with

the main data flow in Fig. 4.
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APPENDIX

SUMMARY OF PRINCIPAL COMPUTATIONS PERFORMED
BY TIIE PRESS RTP

1. SYMBOL DEFINITIONS

a

fe)

giy)

major axis of Keplerian orbital ellipse in re-entry predictien

computation, in ft.

eccentricity of Keplerian orbital ellipse in re-entry prediction

computation,

magnitude of residual sea-level gravity acceleration component

parallel to carth's axis at target geocentric latitude ¥.

magnitude of principal sea-level gravity acceleration component

dirccted toward earth center at target geocentric latitude ¥

reference acceleration of gravity; 32.1462 ft/secz.

G
h target altitude above riean sea level, ft; h = r.- R,.
L. gcodetic latitude of TRADEX location.
m number of points in track file.
M rotation matrix in re-entry prediction computation.
n mean anomaly of Keplerian orbital ellipse in re-entry prediction
computation.
a unit vector in Keplerian orbital plane orthogonal to target position
] unit vector 'r\*c in re-entry prediction computation.
. ’ 2 2 2
E r range to target from TRADEX origin. r = NX +y 427, ft.
© target range rate relative to TRADEX.
# target range acceleration relative to TRADEX.
- . 2 2 2
r distance from carth center to target, ft. r_= /Xty *Z..
c c c c c
|
] ?c unit target position vector from earth center in re-entry prediction
1 computation.
: Ty target range from PRESS sensor.
Rc earth's equatorial radius.
|
R, local earth radius at position of target.
RT local earth radius at TRADEX.
t time in seconds.
de el i 208 - - —
i s
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u

cccentric anomaly of target in Keplerian orbital ellipse in re-entry

prediction computation,

target velocity relative to earth, ft/sec; v = \/)'(2 + yz + iz.

incertial target velocity in re-entry prediction computation.

target position components in TRADEX rectangular coordinates
relative to TRADEX origin, ft: x, east; y, north; z, TRADEX vertical.,

target position components in TRADEX rectangular coordinates relative j

to earth center, ft: X 5% ¥ =Y + éyc; z, =% + ézc. ’

target velocity components in TRADEX rectangular coordinates, ft/sec.

total target acceleration components in TRADEX rectangular coordinates,

ft,’secz,

target ballistic acceleration components (drag deceleration excluded) in

TARGET rectangular coordinates, ft/'secz.

coordinates of PRESS sensor location relative to TRADEX origin in

TRADEX rectungular coordinates.

velocity of PRESS sensor location in TRADEX rectangular coordinates.

coefficient of first harmonic of earth gravitational potential, «a = 0.00162.
position weighting coefficient in least-squares recursive smoothing !
|
f

r.lgorithm.

target ballistic coefficient EW_‘ 1b/ft2_
D !

velocity weighting coefficient in least-squares recursive smoothing

algorithm.
y position of TRADEX crigin relative to earth center; dyc = —22570 ft
z position of TRADEX origin relative to earth center, dzc = 20923834 ft.

eccentricity of earth ellipsoid; % - 0.006694. {
atmospheric density, 1bs/ft3, obtained as a function of h from atmospheric

property tables.

longitude of TRADEX location, positive east.

geocentric latitude of target position.

true anomaly of target position in Keplerian orbital ellipse in re-entry

prediction computation.

predicted flight time to re-entry, seconds, in re-entry prediction f

computation.

4 §



K Newton's gravitational constant.

« earth's rotational rate, 7.292 x 10~5 rad/scc.

SUPERSCRIPTS AND SUBSCRIPTS
quantity is measurcd or derived from a measurement.
3 » referenced to earth center.
[ 'nertial,
m  number of track file point.

least - squares estimate, also unit vector in rc-cntry prediction

computation.

s relz.ave to PRESS sensor.

2. BALLISTIC TRAJECTORY INTEGRATION
The integration equations arc:

o
x(t + At) = x(t) + x(t) At + X(t) = (1)

similarly ‘ory, z.
X(t + At) = X(t) + X(t) At (2)
similarly for y, z.
The equations for the acccleration componcnts used in (1) and (2) are given below. The

argument t is omitted for clarity.

2 X, RF 2
vl T s _ e e 3
xg w'x_ + 2w(y sinL — Zz cos L)) = g(d!)(r ) (*)
c c
3 2 . Yo Re 2 Re‘?
yg =w sinL (yC sin L — z, cos L)~ 2wx sin L, — ;—C-g(zp) (—r:) — f(y) (-; ] s L (4)
]
2 zc Re 3 Re q
:Z.y - wcosL (zC cos L—-yc sinL) + 2wXx cos L — - gy (;——) - () (;—-) sinl, , (5)
c c c
Y
where
X =X
@
{
3
‘ s Y 0
{
. Z. =2+ dzC

and

:6)
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The tavget geoceentric latitude §  is computed from
. =t e cos [, + z. sin 1,
¢ sin T . (7)

c!

The gravity potential components g{¢), f(y) are computed from

Re 9 2
gl (‘.[1 + (r(-r—) (1 — 5 sin zp)] 8)
c
Re 2
fig) = acm(;—) siny . (9)
c
3. TRACK FILE ALTITUDE COMPUTATIONS
h=r - R (10}
~ 2.2 2
5! X, Yotz (11)
—
1 -¢
q, - R /———ﬁ—— : (12)
i e {— € cosz v

When the z coordinate of an Aircraft Track File is computed from the aircraft altimeter

measurement in lieu of SKR elevation, the relation for z* {be‘ore smoothing) is:

re? -+ R, - RT)2
2% < ht bR - R . (13)

2R,

where h* is the altimeter altitude measurement averaged over one second, and r* is the SKR

aircraft range mcasurement averaged over one second.

4 DRAG DECLELERATION COMPUTATION

The drag deceleration computation is performed when the altitude of the target being tracked
15 below 400kft (in atmospheric re-entry). The purpose of this computation is to estimate the

magnitude of the drag deceleration on the target for use in computing the total target acceleration

components [see Eq. (6)]. The basic equation used to compute the drag estimate from the TRADEX

doppler tracking measurements is given below.

D = gy is the drag deceleration coefficient.

]
., . » 2 &
XX  + + 72z +v —r
V g yyg g — ?:{:
p T
D= 5= = .
2B D (14)

r*, ©*, are obtained from a recursive least-squares parabolic fit of the TRADEX target doppler
measurements over a time span ranging from 0.8 to 2.5sec. The other variables in Eq. (14) are
obtained from the Target Track File. The value (pV/ZB) computed from (14) is not used in 6)
directly. The values computed from (14} are first smoothed further and corrected for doppler
tracking biases before being applied in (6); however, the details of the additional massaging

applied to pV/2p are heyond the scope of the present discussion.
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The recursive least-squares parabolic fitting algorithm used to smooth the TRADEX doppler
A "
measurements for estimation of r* and ¥ is given below.
A ~

. IAY
"n#t - "n#t/n il @ (15)

nt1 e ~ x‘n+1/n)

3 2 , n
"ne1 Tnit/n ' Ynet T —rnH/n) (1)
M 2 , A
“nit Tnst/n? VnH(rr’i:Jri—rnH/n) e
i-;l" is the nth TRADEX doppler measurement sample.
o A 3 & 2
To/nit = Tt rnkAt + ¥, (kAt) /2 (18)
N A
rn/n+1=rn+rkAt (19)
A @
“n/n+1 " 'n (20)
3 3n2 3n + 2)
- 36n -3n+2) o
Y ami D m+2 21 (21)
0 H n=1
1
—_— ; n=2
= {At '
7 (22)
18(2n — 1) ) S
nn+Hm+2yar ¢ 023
: n=1
. (23)
bn T 60 s 45
nin+ 1) (n + 2) At
Sttt ~tm
The value of n above is truncated at Nmax — a value corresponding to a data span between 0.8
and 2.5sec. The value of Nmax is chosen to minimize the error in the estimate due to the

combination of noise in the data and biases in the estimate resulting from higher order behavior

of the data than second degree,

5. TRACK FILE SMOOTHING COMPUTATION

The following recursive smoothing algorithm generates a least-squares trajectory bit to
the TRADEX target tracking measurements, the resulting position and velocity coordinate es~
timates being placed into the TRADEX Target Track Files. Essentially, the same algorithm is
used to smooth the SKR tracking measurements and aircraft altimeter measurements to form
the Aircraft Track Files.

First, the measured target range, azimuth, and elevntion data are converted from radar

coordinates to TRADEX rectangular coordinates as follows:
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X*  r* eoslil* sinAz*
m m m m
Wi r* cos kEl* cosAz* .
“m m m m (24)
70 r* sin gl
m m m

The converted measurements arc then individually smoothed in rectangular coordinates to ob-

tain position and velocity estimates.

A w D
m(tm) xm—i(tm) + a'm[x X

>

t )y (25)

e 3 A n
similarly fory , =z
i) Ym

m
A 2
xm(tm) = Xm-i(tm) + Vn,l[xl;-:1 - xm-i(tm)] , (26)
P, A o
similarly for Y’ %m’
‘/\?m-i(tm) = track filc pos..ion component estimate obtained at tm-t and

extrapolated ahead to time tm (Track file position component
after trajectory integration step, but before new data point

x> is included).
m
2 (t_ ) = track file position component estimate at time tm'

(t_) = track file velocity component estimate obtained at time tm-—i
and extrapolated ahead to time tn (Track file velocity
eomponent after trajectory integration step but before new data

point x* is ineluded).
m

~
x_(t_) = track file velocity component estimate at time tm

m m
_2(2m — 1)
“m” mm+ : (27)
_ 6 >2 (
"m” mm+ )AL W= : 28)
At=t —t o . (29)

The value of m in the above equations is presently truncated when m reaches 100 in the case of
the TRADEX Target Traek Files. Since TRADEX data are sampled twice a second, this corre-
sponds to a maximum smoothing span of 50 sec.

In the case of the Aircraft Track Files, the data smoothed by this algorithm are sampled
once a sccond. The data sample applied is not raw data but a simple arithmetic average of the
raw data over the previous second. In this case, the value of m :s truncated when m reaches

10, which corresponds to a maximum smoothing span of 10sec.

6. RE-ENTRY PREDICTION COMPUTATION

The predicted position and time of re-entry are computed by assuming that the ballistic
trajectory of a target may be approximated by a Keplerian orbital ellipse. The parameters of

the ellipse are computed from the current position and velocity estimates in the Target Track
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t*ile.  The predicted position of re-entry is that point on the ellipse which is 300kft above the
earth's surfice (the intersection of the ellipse with a sphere coencentric with the earth and 300
kft above it at TRADEXN).

The basic paramecters that define the shape of the ellipsc are its major axis, a, and its
eccentricity, e.

The major axis, a, may be computed from the inertial vclocity and distance of the target

from the earth's center by the following rclation:

a —___“__Z. (30)
1 \Y
Z<ﬁ_ — _.I__>
r 2
c
where

~ 2 2 2
I‘C = xC + yC + Zc
2 .2 2
V1 : X + Y + )

l where

X :.\'{——ycw sinL + z w cos L

| yI:y+wa sin L,

The eccentricity,

= 7Z—Xx w cosL
c

e, may be found from the following relation:

, (31)

. 2
r 2 (r r)
2 (e cc
=l=-1] + ——
a pa

where the product rci‘c may be computed directly from:

rcrc = xcx1 + ycy1 + ZcZI . (32)

A convenient way to characterize the position of the target along the orbital ellipse for
purposcs of the time-to-re-entry computation is in terms of the eccentric anomaly, u. The

eccentric anomaly, u, is related to r. along the ellipse by the relation:

5 r,=a(l-e cos u) (33)

where the major axis, a, has been found from (30) and the eccentricity, e, is detcrmined by (31).

g The cccentric anomaly of the current target position, u,, is found from
L ¥
-1 !
u, = tan € i€ (a——?-—r_) . (34)
Nua c

The eccentric anomaly of the predicted re-entry position, u,, is found directly from (33},

e L
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» (R... + 300,000)
i,  cos : li [1 - ——1——-—————] . (35)
- [ Q
The predi ted target flight time, 7, from the current position to re-entry is then given by:
u, —u, - c(sinu, — sinu,)
2 i 2 1
T = , (36)

where nois the mean anomaly,

To obtain the predicted re-entry position, a more convenient way of characterizing the
orbital ellipse is by means of the "true anomaly," ©. The true anomaly, ©, is thc angle
measured at the carth center in the direction of target motion between thc point of perihelion
of the ellipse and the position of the target. The characterization of target motion on the ellipse

in tcrms of the true anomaly is given by:

2
a(l—e")
c 1+eccosO (37)

Thus, the true anomaly, ©, of the current position is given by:

2
B -1]1]a(l—-c")
6, = cos {-g’—-—r——-——ill , (38)
c
and the true anomaly, 82, at the predicted re-entry position is given by:
-1]1 a(l — cZ)
gpe- Ges i3 ’RT + 300,000 1] : (39
Now, define
9=6,-06, . (40

¢ is the angle measured at the earth center in the elliptical orbit plane between the current

target position and the predicted re-entry position.
The unit vector from the earth center to the current target position is ?c' Next, consider

A . . .
the unit vector g in the orbit plane nrthogonal to ;}c and pointcd in the same sense as the motion

of the target in the ellipse. a is given by the following relation:

- N n
Vv _(V cr )r J

Qe ——tie (41)
vy = (V- r) rcl

where VI is the incrtial velocity vector composed of components (5(1,)"1, il), and (V - ?C) is the

scalar product of V and ’r\c.
The predicted re-cntry position vector relative to the earth center is then given by:

2 A AL
rpl ES (RT + 300,000) (rc cos ¢ + Q sin ¢) 3 (42)

Now, r I is the predicted re-entry position vector on the ellipse fixed in inertial space. However,
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we wish to obtain the predicted position rclative to the carth, Consequently, since the earth

rotates under the orbital ellipse as the target travels along its trajcctory, it is necessary to
rotate the vector I:pl by the amount of the carth's rotation during the predicted time-of-flight to
re-entry 7 ocomputed from Eq. (36). Thus, the predicted re-entry position veetor ;p’ measurcd
from the carth center and relative to a fixed earth, is given by:

roMr , (43)

p pl

where l:pl is the result of (42) and M is the requisite rotation matrix given below.

cos wT sin L, sinwr — cos L. sinwT
M={--sinL sinwt 1-— sin2 1.1 —coswt) sinL cos L(1 — coswT) . (44)
. , 2
cos L sinwr sinL cos L(1 —coswt) 1 —cos L(1 - coswT)

7. SENSOR DIRECTING DATA COMPUTATIONS

The pointing commands computed for the various sensors usually consist of range, azimuth,
ard elevation of thc target from the sensors, and the rates of these coordinates. A slit-roll
command is also computed for the airborne optics sensors.

The first step in the dirceting data computation for each sensor is the translation of the
target position and velocity from the TRADEX origin to the position and velocity of the sensor
location. However, only the airborne optics scnsors have a nonzero sensor location velocity
with respcct to the TRADEX origin. Consequently, the translation of target velocity is only
performed in the case of the airborne sensors. The velocity of the airborne scnsor location is
given by the velocity components in the associated Aircraft Track File. The general position

and velocity translation equations are:

X =x-X (45)
S s

\s:y_Ys

Z =z-2

S S

X =x-X

S S

YS=y—YS (46)
Zs=z—ZS ,

where XS, YS, ZS; \S S.{S, ZS arc the position and velocity of the sensor location with respect

to the TRADEX origin.
Following the translation process, the target coordinates are extrapolated to compensate

for the data transmission delay to the scnsor:

X = X_+ X At +¥at?/2
S S S

X =X +%at . (47)
s S

Similarly, for Ys' YS; ZS, ZS.
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Next, if the sensor is locatcd more than one-half mile from TRADEX, the target coordi-
nates are rotated from the TRADEX coordinate system into the corresponding coordinate system
whose Z axis is the local vertical at the sensor location. This rotation compensates for the

coordinate system change due to the carth curvature. The equations are:

(X [ X
S S
= 4 T
Iy Lomiy, (48)
ZSJ .ZSJ
[]
[ X (X
S S
‘YS =M4YS} 0 (49)
7 Z
S J S )

where M is the requisite 3 X 3 rotation matrix that converts the target coordinates from the
oricntation of the TRADEX rectangular coordinate system to that of the local rectangular co-
ordinate system at the sensor location. In the case of the aircraft sensors, the local rectangu-
lar coordinate system is aligned with the orientation of a stable platform carried by the aircraft,
Finally, following the coordinate rotation where applicable, the sensor pointing commands

and command rates are computed from the extrapolated and converted target position and velocity
components in the sensor rectangular coordinate system according to the equations given below.
Of course, not all thc commands and rates described below are computed for every sensor,; for

examplc, only azimuth, elevation, and roll commands are computed for the airborne optics

sensors.
Range:
~ 2 2 2 s

ry = /xs tyg tzgt Ar(Els,rs) : (50)

Rangc Rate:
XX +tyy +tzz
P - .88 s’s ss (51)
S r

Range Acceleration:

2 a2 .2 2 o . v
I xS + yS + ZS —= r‘s + xsxS + ysyS + ZSZS
<= = . (52)
S %
Azimuth:
4 X
Az =tan = . (53) 5 -
s S
E'evation:
-1 ZS e
El_ =tan —————+ AE(EI ,r ) s (54)
3 3 s''s
*s 3 Vs

*Ar(Els’ rs), AE(EIS, rs) are the range and elevation corrections, respectively, for atmospheric

refraction.
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Azimuth Rate:
Ady LS5 (55)
X &

INlevation Rate:

. 2 2 . . 7q
2o Y Ys T (xg¥g * ysys)_—z——_

-y _ S s
I 5 5 5 . (56}
X +y. tz=
s S S

. —El
tan” A
A% cosEl
s s

. 2 2 . .
. z (xS 4y -z (x x_ ty.y.)
:tani—-ss S s s’s s’s . (57)

2 2 2 . .
J¥s T¥s t 2g (X ¥q = %g¥ )

3N

w

Slit Roll Angle:

Roll

8. STAR TRACK COMPUTATIONS

The Sidereal Hour Angle (SHA) and Declination (Dec) of the star to which the optics sensors
are to be pointed, and the Greenwich Hour Angle of Aries (GHAvy) at the beginning and end of
the current day, are given as input data tro the program. At any instant, the current value of
GHAv is obtained by intcrpolating between the two given values to the current time of day.

The Local Hour Angle (L11A) of the star at any instant is computed from the GlAvy at that
instant, thc SHA of the star, and the longitude of TRADEX by:

LHA = SHA — GlIAy + A . (58)

The azinauth and elevation of the star at TRADEX are then given by

ot cos (Dec) sin (LHA)
Az = ten [s'm (Dec) cos L. — cos (Dec) sin L cos (LHA)] (59)
El = sin"1 [cos (Dec) cos L cos (LHA) + sin (Dec) sin L] ) (60)

where I, A arc the geodetic latitude and longitude, respectively, of the TRADEX origin.

The position components of the star in TRADEX rectangular coordinates arc then computed

from:
X = 109 sin Az cos El
y = 10? cosAz cosE1{ (61)
z = 109 sin E1

where 109ft is the dummy rangc of the star — a practical approximation for infinity — and Az

and El are obtained from (61) and (62).
Finally, the velocity components of the star in TRADEX rectangular coordinates, due to

earth rotation, arc computed from:




X x cosL
y -xsinL . (62)
z = (y sinL — x cos L)

When in Star Track Mode, the values of x,y, z, X,y, z computed above arc placed into the Nom-
i inal Track Iile, which, whecn selected as the Directing Track File, will cause the optics sen-

sors to be pointed at the designatcd star,




